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AN INTRODUCTION TO MODERN METEOROLOGY 
Metbobology and Military Opbbattons 

The reason why those who are concerned in waihke 
operations wish to know something of modem mktkobo- 
liODY IS that the weather is one o£ the elements oC success 
in the conduct of the oiierations whethei they are on 
sea or land oi in the air The weathei is, indeed, a 
consideration in nearly all human occupations, not less in 
warlike operations than in others 

When the weather is the only obstacle to succiess it 
may be possible by suitable precautions to got the bettei 
of it. A large part of the energy and enterprise of civili- 
sation has been devoted to making the ordinal y course of 
life independent of the weather The dweller m a large 
city IS enabled by the arts ot the buildei and engmeei, 
by the makers of clothes, and by the organisation of the 
means of locomotion, to live in comtort and to cany on 
his business whatever the weathei may bo Occasionally 
a snowstorm or a thunderstorm or a long drought may 
overpower the precautions that have been, taken, but in 
our climate that seldom happens And so lai as loco- 
motion IS concerned, if the weathei is the only enemy to bo 
considered, it may be possible, foi example, to impiovo the 
construction of aircraft so that a pilot may go out in all 
weathers and leach his objective without seiions mis- 
adventure , and, at the worst, the joniney can l)o iiost- 
poned and the pilot can take sholtoi till the weather 
improves But when other consnl orations enter into 
the question and it becomes a niattoi of working not 
(15600r— 12) Wt 15240— 18'^ 0000 2/18 ( S ) D B. G- 3 
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only against the weather hut against time, as in the case 
of provisioning cities oi laige bodies of men or in the 
case of a steamer of the mercantile marine, where time is 
money, or in that of a faimer whose crops aie lost it 
favourable oppoitnnities are missed, or if it be against 
some othei enemy as in military opeiations, when it is 
often a question of now or never, or indeed whenever it 
IS a matter of competition, rivalry or antagonism, the 
influence of favourable or unfavomable weather is fai 
too great to be disregarded 

It IS needless to give an histoiical account of the 
influence of weather in wai , the following episode in a 
Syiian Campaign will sufhce 

“Now they that were m the towei sent messengers unto 
Tiyphon to the end that he should hasten his coming unto them 
by the wilderness, and send them victuals 
“ Wherefore Tryphon made ready all his horsemen to come 
that night , but there fell a very great snow, by reason whereof 
he came not “ 

An expedition that is 3ust within the range of an 
airman’s powers with a favourable wind is outside the 
range if the wind and its changes turn out to be adveise 
By woiking with a liberal factor of safety and by limit- 
ing the scope ot opeiations according to the range for the 
most unfavomable conditions, we may secure safety but 
fail to command success , whereas to take advantage of 
the variation of wind at different levels, oi ot a spell of 
fine weather long enough foi the entei prise in hand but 
not longer is woitli trying for Nor is the an man in the 
air the only consideration A good deal of damage may 
be done to his belongings on land while he is m the air 

It IS easy to say that, m spite of the piogiess of 
meteoiology within the last sixty yeais, we are still 
unable to predict the veatherwith actual ceitainty, and 
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that as you cannot be certain it is lust as well not to 

imnMfpnt°’^i* although our knowledge is 

theretoie advisable to disiegaid what 
know It comes to this that, in spite of the remain 
mg uncertainty, of two sides which are otherwise equSlv 
balanced, the one that is more skilful in ma™ uS of a 
knowledge ol the weather has the better prospect of 
winning in any operations in which they are opposed 

Weather Records and Climate 

ih^re IS, as a matter of fact, a gieat deal of infmm^fmn 
about the weathei which is not dependent on piediction 
and which is still emphatically usetul For examnlp' 
organised study of weather ovei the sea enables “Sarn^n 
from, the recorded experience of others 
what kind of weather may be expected m any particular 
locality, what is the greatest heat oi the greatest^cold the 

fo. winds, the%RBQVEi!cY of 

fog, the frequency of lainfall and of snowfall and 
so on All these things can be obtamersTmply ty 
oigamsing the recorded expeiience of otheis Ami a 
sirnilai statement is tiue for those who are lesponsible for 
military opeiations of all kinds What is the extent' of 
the coldof wintei o. the heat of summei ajain'f Xch 
piecautions must be taken in the inteiest of the men or 
thcji engines At what times of the yeai will the roads 
^ diy eithei fiom being frozen oi fiom dry weathei ? 
What are the pevailing winds ? and so on ^ These me 
are summed up in a statement of 
ODIMATB lo neglect the experience of the past in such 
matteis IS haidly permissible and is, in fact, neyei leally 
contemplated by any lesponsiblo peison But even 
responsible peisons are apt to think that the lecollections 
of their own experience in situations which they think 
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The Weather Map 


are similar aie a sufficient guide That is, unfoitunately, 
not always good enough m modern conditions, when 
particulars of the climate of any locality can geneially 
be had foi the asking In all such mattois a wiitten 
record on an organised plan is much bettei than the most 
voluminous personal recollections 

It may- easily be admitted that the anticipation of the 
anomalies of the weather of the coming day, the coming 
week 01 the coming season is the most atti active of all 
the departments of weather-study, but let us not, on that 
account, fall into the common eiror of supposing that it is 
the only one For the floating of an airship, the con- 
ditions of soaring of an aeroplane, the working of a 
petrol-engine, we are more dependent upon the noimal 
atmospheric conditions at various heights above the 
giound than upon their temporary anomalies So also in 
regaid to the provision for transport and supply, the 
maintenance of the health of tioops and the care of 
sick and wounded, the legularities of climate have to be 
reckoned with, as well as the vicissitudes of weathei , out- 
side the British Isles they are often the more impeiious 
factor 

The hrst business, therefore, of the military meteoro- 
logist IS to put together m the most telling form all the 
available records of temperature, wind and weather 
for the neighbourhood of the operations With a little 
practice one finds that a map is the best form in which to 
give the information and the month is a convenient 
division of the year foi the purpose The hist exercise 
in meteorology is to read a monthly meteorological 
summary A Climatic summary foi a station m each 
of the principal regions of militaiy operations and 
some diagrams representing summaries of pressuie, 
wind, temperature, humidity, and lamfall at the Bntish 
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TKk NE0.S8ITV ,0B FORECASTS OE W.ATHEB 

tFe antieii^kOQ of weatheno*TOme°’^ Preliminary , 
necessity Always it has been se imperative 

take militaiy opeiations on sea or under- 
cut forming the best idea nossihm with- 

weather is going to be The^mnnrm*^ 1 ^™ 
tell him what it may be but nnf ^^imatic chart will 
It he decito to "akVo J*-' ■* ™1I be Even 

means that in his own oufmorti * 
prohibitive weathei is so small 
legaided It is quite nnusS " fifd 
Jilling simply to^ chance it VeJv 
content to act upon their nwr. 1 ^ lew peisons are 
changes of weather If the weotf about coming 

favouiable when the decision 

assume that it will go on bein<^so ‘-^^en they may 

immemoiial, they will aimeil +e ai’i ^ from time 

sky, or 111 the behaviom o^bud^of toTh ® 
weatherwise person who is nersnmfi oP^ion of some 
history as the “Huepherd op B^mury 

»“ and. 

results of expeiience in an e3^/ 
be clutched at to help’ towards a anything must 

othei Forecast of some Tort ^'^y O'* *^6 

desirable to have thHLt that “p"®* I* 

to be obtimed g JLeoas™ 'S 
developed by modLn mStog^''' 
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Modern Meteorology the Work of an Organisa- 
tion, NOT OP AN Individual, 

It IS necessary to point ont that modern meteoiology 
means a meteorological organisation, not merely an m- 
diYidnal meteorological expert The making of a single 
forecast in any one of the meteorological offices of 
Europe, America, Australia or the Far East requires the 
organised co-operation of some hundieds of persons, 
about a hundred observers who note the necessary 
observations simultaneously at as many separate places 
and hand m their repoits to the telegraphists who transmit 
them to one centre where the meteoiological expert charts 
them on a map and draws therefrom the conclusions on 
which the foiecasts aie based 

The Meteorologist at Head Quarters 

The preparation of the map is an essential part of the 
process No meteorologist in the modern sense attempts 
to forecast the weather without reference to a map pre- 
pared either by himself or by some one with whom he is 
in direct communication, from observations transmitted 
by telegraph for the purpose No amount of weathei- 
wisdom or weather-lore or experience is a substitute for 
the map The more expert and accomplished the meteoro- 
logist the moie certain he is that all he can do without 
the materials for constiucting a map, though he may have 
a barometer and othei instiuments at hand, is to make a 
guess at what the map is like and think out from that 
what the weather changes are likely to be 

With sufficient intelligence and sufficient experience 
he may be able in that way to make useful suggestions, 
but they are not forecasts in the modern sense 

It IS a common experience of professional meteoro- 
logists away from their base to find themselves appealed 
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the Meteorologist at Head Quarters 

lo foi an opinion about the weather, judging from the 
alone, because they are learned in such 
things That is exactly what they are not Accustomed 
to refer everything to a map, without one they feel them- 
selves to be rathei woise oft than those are who are 
unaccustomed to its use 

Consequently, in making piovision foi expert meteoro- 
logical assistance in the conduct of military operations 
It IS not enough to have an expert meteorologist on the 
spot , he must have the material for making a weathei 
map 01 have access to the oiganisation which makes one 
day by day and indicates to him the conclusions to be 
drawn from it, which can only be tiansinitted in technical 
^nguage, and aie therefore not necessarily undei stood 
by those who are unfamiliar with scientific terms 

A modem meteoiologist thinks in maps , his language 
and modes of expression aie formed thereby An ex- 
planation of the method of foiecasting by means of maps 
is therefore offered here 

A Map of thf Weather 

Modem meteorology is essentially dependent upon the 
modern means of communication, the electiic telegiaph, 
the telephone or wiieless telegraphy The electric tele- 
graph was piactically a creation ot the second quaiter of 
the nineteenth century and as an oigamsed means of 
communication i cached its full development with the 
laying of the xltlantic Cable in 18GG Thorealler its 
histoiy deals simply with extensions and improvemonts 
Jhe weathin map had been bi ought within the lange of 
possibility On Septembei 3rd, 1860, Admiral FitzRoy 
began the legulai daily collection of lepoits of weathei 
by telegiaph for the Meteoiological Depaitment of the 
board of Trade which was undei his charge 
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B received included readings ol the 
wt™? and THERMOMETER and notes of wmo and 
ttiere fs barometer, thermometer and wind 

wjsh to ^ presently Foi the moment I 

Fn«t tbe reader s attention to the weather 

clonrli whether it is clear, 

and «o wU I’ HAIL or SNOW IS tailing, 

whether ’ti steady rain, showers oi drizzle , 

whether there is thunder or lightning and as 

S^add moining, to these we 

m^ add whethei theie is dew or HOAR erost 

tor™,i^+i *1^® J'epoits concise and foi the sake ot uni- 
® ®^®® V®^ learns to use a code of letters which was 

S uSatsea ^ Beaufort 

£d convenient for use on 

HtNli.,1 ®1 have been made to the original 

schedule and it now stands as follows — 

Beaufort Notation 

0 Dine sky (not more tkan a 
quarter of the sky 
covered) 


bo 


f 

h 

1 

m 

0 


sky partly cloudy (one 
balf covered) 

generally cloudy (tbiee 
quarters covered) 
drizzle, or fine ram 
wet air witkout rain fall- 
ing, a copious deposit of 
water on trees, buildings 
or iigging 
fog 
gloom 
bail 

lightning 

mist 

overcast sky 


w 

X 


passing showers 

squalls 

ram 

sleet, I e , lain and snow 
togethei 
snow 
thunder 

ugly, threatening sky 
unusual visibility The 
hoiizon or distant hills 
unusually deal 
dew 

hoar frost 

diy ail (less than CO per 
cent humidity) 
dust haze , the turbid at 
mosphere of dry weathei 
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'rhese, with the wind and the vagaries of temperature, 
aie the matteis which aftect everyone an<l which the 
science of meteorology has to account for and explain 
In these matteis the ohseivei is simply the reporter of 
the local conditions, he is not requiied to oflei any 
explanation of his own 

Let us now suppose that we have a corps of OBSERVERS 
at selected points which we call STATIONS distributed 
all ovei the country, who note the weather at an agreed 
hour and immediately telegiaph their notes to head- 
quarters These results are plotted at once on a map 
The result is that the staff at headquarters knows what 
the weather is, not only on the spot bufc at selected points 
over a laige area, the British Isles, for example The 
map IS always instructive and sometimes astonishing 
The weather may be quite fine ovei the greatei pait of 
the area, though it is very seldom that there is a map of 
the British Isles without ram shown somewhere on it 
On the other hand there is hardly evei a map showing 
lam everywhere Sometimes it is biilliantly fine in one 
legion and yet it is laming, peihaps a thunderstorm, not 
fai away Here {Plate I) is an example of a map show- 
ing the distribution of weathei at 6 p m on 2nd A.ugust, 
1915 

The letters aie enteied in the immediate neighbourhood 
ol the stations at which the weather is lecorded There 
IS a thundeistoim at Pans and Flushing, lain along a line 
from Pans to Aberdeen thiough Liverpool and Glasgow , 
there is cloud generally except in middle Fiance, Holland 
and at Stornoway 

For the pm pose of mapping, it is moie convenient to 
use symbols which identify more clearly the localities 
leteried to instead of letteis for the state of the sky, so 
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The WeatTm' Map 

we will give latei the symbols used to repiesent the 
weather in the Daily Weather Report of tbe Meteorological 
Hate F) ^ eypiessed in symbols (see 

Ihe first impiesBioii that one gets fiom looking at such 
a map is that everybody who is interested in the weather, 
tor business or pleasure, would like to be informed about 
It, and the next impiession is that there must be some 
reason to account for the peculiarities of the distribution, 
some reason why it is fine m one place and raining in 
another, a hundred or five hundred miles away It is the 
puisuit or the impulse, which naturally follows the second 
impression, that constitutes modern meteorology 

A Map op the Winds 

Fust of all let us bring the wind into account, because 
It is a matter of common knowledge that the weather 
otten changes when the wind changes That is easily 
done because the obseiver who notes the weather can also 
observe the wind and include the observations m his 
telegram He may not have any special instrument for 
measuring the diiection and foice of the wind, but he can 
estimate the direction if he knows the points of the 
COMPASS and can see which way smoke is blowing, oi 
some other common indication of the wind-motion If 
necessary he must find out the points of the compass, and 
in that case he must recollect that the mariner’s compass 
or MAGNETIC NEEDLE does not point exactly Noith but 
about 1» degrees to the west ot it m these Islands He 
can also estimate the force of the wind in accoidance with 
a scale of numbers which we also owe to Admiral Beaufort 
and to which the indications have been assigned, as shown 
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Speciiioaljion 


G-eneial 

0 Calm 

1 Light ail 

2 Slight hiee/e 

3 G-entle bieeze 

4 Model ate 

biecze 

5 Ficsh bieeze 
G Stiong breeze 

7 High Wind 

8 Gale 

9 Stioiig gale 


At Sea 


Calm 

1 r 

I ^ Light I 

f breeze ] 


\ Moderate / 
j bieeze 1 


1 r 

I Stiong 
{ wind ] 


J L 

\Gale / 

j foices 1 


10 

11 

IS 


Whole gale 

Stoim 

Hurricane 


I Storm 
I loices 


Huriicane 


Desoiiption of Wind tor 
use on Land 


Calm , smoke rises vertically 

Diieotion ot wind shown by 
smoke diilt, but not by wind 
vanes 

Wind lelt on face , leaves 
rustle , ordinary vane moved 
by wind 

Leaves and small twigs in con- 
stant motion , wind extends 
light flag 

Raises dust and loose papei , 
small branches aie moved 

Small tiees in leaf begin to 
sway , cies^ed wavelets form 
on inland wateis 

Largo blanches in motion , 
whistlmg heal dm telegraph 
wires , timbiellas used with 
difficulty 

Whole trees in motion , incon- 
venience felt when walking 
agair st wind 

Breaks twigb off t»-ees , genet ally 
impedes progress 

Slight stiuotuial damage occurs 
(chimney-pots and slates re- 
moved) 

Seldom experienced inland , 
trees upiootod, considerable 
stiuotuial damage occurs 

Very laiely experienced, ac- 
companied by widespread 
damage 


A table of eq,uivalents is given overleaf 



14 


The Beaufort Scale. 


Table of Equivalents in Force and Velocity (See 
Observer’s Handbook) 


Piessuie of Wind 
on a Plate 

Equiva- 

lent 

velocity 

m 

miles 

per 

hour 

Beaufort Number 

Limits of Velocities 

in lbs 
per 

square 

loot 

in Milli- 
bars 

(io»dynes 
pel cm 2) 

Statute 

Miles 

per 

Hour 

Nautical 

Miles 

per 

Hour 

Metres 

per 

Second 

Feet 

per 

Second 

0 

0 

0 

0 

Less 

Less 

Less 

Less 





than I i 

than I 

than 0 3 

than 2 

01 

01 

2 

1 

1-3 

1-3 

03-1 5 

2-5 

c8 

04 

5 

2 

4-7 

4-6 

1 6-33 

6-1 1 

28 

13 

10 

3 

8-12 

7-10 

3 4-5 4 

12-18 

67 

1 32 

X 5 

4 

13-18 

ii~i6 

5 5-80 

19-27 

I 31 

62 

21 

5 

19-24 

17-21 

8 i-io 7 

28-36 

23 i 

I I 

27 

6 

25-31 

22-27 

10 8-13 8 

37-46 

36 

I 7 

35 

7 

32-38 

28-33 

139-17 I 

47-56 

54 

2 6 

43 

8 

39-46 

34-40 

17 2-20 7 

57-68 

77 

3 7 

50 

9 

47-54 

41-47 

20 8-24 4 

69-80 

105 

5 0 

59 

10 j 

55-63 

48-55 

24 5-28 4 

81-93 

140 

67 

68 

11 

64-75 

56-65 

28 5-33 5 

94-110 

Above 

Above 

Above 

12 

Above 

Above 

33 6 or 

Above 

17 0 

8 I 

75 


75 

65 

above 

no 
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A Map of the Winds Litho flats II 

We can, therefore, no-w put on the map 
of the ■wind at each, one of our stations and then it he- 
Somes quite clear that the ^inds at,^eighbouring stations 
Sd in some relation to each other {Plate IT) The 
fonti-^esterly winds group themselves in one region 
XS the English Channel, north-easterly ones in another 
over Scotland, with intermediate winds bet'ween, souther y 
on the east northerly on the west It is quite unlikely tha 
?ou wS fiXa noVeasterly wind in the 
Lgion of south-westerly winds It rnight possibly he so 
if ^the winds generally were merely light aiis but not if 
tLy wire winds of moderate strength If a case 

were found it would at once arouse curiosity as to how it 
could possibly occui. Wind maps, to a certain extent, 
confirm the ordinary impression that 
go together, but with many exceptions It often lains 
with a south-westerly wind but it is sometimes extra- 
rrdinanly fine with the same wind An easterly or 
north-easterly wind often brings us fine weather and yet 
our most PERSISTENT RAINS come with easterly or 
north-easterly winds Why is this ^ 

It IS clear that we must be able to answer these 
questions, explaining what does happen before we can 
say what is going to happen in the future In ordei to 
do^this we must understand something oi the nature and 
properties of the ATMOSPHERE, the gaseous enyelope of 
our planet in which all these changes take place 


The Atmosphere 

The air which surrounds us and is earned along with 
the earth on which we live and which, regarded in its 
entirety, is called the atmosphere, is a mixture ol gases. 
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The Weather Ma^o 

In the legions which are within oni reach, up to 10 
kilometres, 6 miles or 33,000 feet, the greater part of it is 
nitrogen, one of the chemical constituents of ammonia 
and also of nitric acid and the nitrates which are so 
important in gunpowder and neaily all other explosives 
In the atmosphere, howevei, nitrogen is a peculiarly inert 
gas It merely dilutes the more active gas oxygen, which 
forms about one-fifth ot the atmosphere Oxygen is one 
of the active substances in all foims of combustion The 
burning of fires and the slower piocesses which go on 
within the human body, are forms of combustion in which 
oxygen combines with substances like wood or coal or with 
the blood in the lungs In the combination a pi oportionate 
quantity of heat is produced, and a coriespondmg amount 
of carbonic acid gas which mixes with the other gases of 
the atmosphere Without oxygen no fire can be main- 
tained and the chemical piocesses in the body necessary 
for life cannot go on Thus the oxygen of the atmos- 
phere is a very important element but in meteorology its 
special characteristics do not concern us Combustion is 
constantly going on and oxygen is being used up, but 
there is a reverse process going on in gi owing plants 
They act upon the carbonic acid gas in the air which 
surrounds them, take it into their siriictuie and liberate 
oxygen The result of these manifold chemical actions, 
with the mixing that is made by the winds, is to main- 
tain the mixture of nitrogen and oxygen in the atmos- 
phere practically unchanged 

Besides these two constituents there ai e small amounts 
of other gases, one the ineit gas argon and the othei cai- 
bonic acid gas, one of the pioducts of the combustion ol 
wood, coal, etc These are also practically invariable in 
the open air, but there is also always in the open air some 
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water-vapoui which is very variable in its amount The 
water-vapoui passes into the atmosphere as an invisible 
gas by evaporation f i om all surfaces of water, even when 
it IS fiozen, as well as, to a less extent, from nearly all 
forms of combustion 

Water Vapour Evaporation and Condensation 

Unlike the othei constituents of the atmosphere WATBR- 
VAPOUR IS of the gieatest importance in meteorology It 
is the form in which the enormous quantities of watei 
repiesented piimarily by ram oi snow, and secondarily by 
RIVERS, LAKES, ICBBBROS and GLACIERS, are tiansported 
from one part of the eaith to anothei All the watei 
which falls as ram oi snow m a yeai has been evaporated 
from the sea oi other surfaces of watei or ice, or from 
plants or wet soil and tiansported m the form of invisible 
watei -vapoui mixed with the other gaseous constituents 
of the atmosphere By natural processes which can be 
imitated quite easily and effectively m a physical labora- 
toiy, part of the invisible water-vapour m the air can be 
reconverted to visible water m drops as in CLOUDS and 
ram, oi as SNOW-CRYSTALS m certain kinds of cloud m 
the atmospheie itself, or on plants and buildings as dew 
or hoai-fiost The conversion of invisible vapoui into 
visible diops or crystals is called CONDENSATION which 
IS the counterpart of EVAPORATION 

Evapoiation and condensation aie related to changes of 
temperature m the an and the study of these changes 
belongs, theiefoie, to the science of heat which m modern 
times finds its most effective illustrations m the woiking 
of the steam-engine The atmospheie may, theietore, be 
looked upon as a steam-engine of huge dimensions draw- 
ing its heat from the sun and ultimately sending it out 
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again into space At the end of a year so much heat has 
been taken by the earth from the sun, so much has been 
used up in the operations of running water and flowing 
air, so much sent out again into space As after the lapse 
of centuries, so far as we can tell, the whole eaith becomes 
neithei waimer nor colder we must suppose that in the 
end the beat which has been taken in has been got rid of 
by RADIATION into space, but in the meantime the whole 
course of the wind and weather all over the world has 
been controlled and ordered by the process of warming 
and cooling, evapoiation and condensation 

The weather which we experience in any particular 
locality IS a small part of the great process going on in 
the whole atmosphere of which evaporation and conden- 
sation are the most striking incidents Evapoiation is 
included because if there weie no evaporation conden- 
sation would soon come to an end , but evaporation is 
a silent invisible process, whereas condensation furnishes 
in the foim of cloud, rain, snow, THUNDERSTORMS, the 
most impressive manifestations of the energy of nature 
From recent researches by means of balloons it appears 
that only the lowest layer of the atmosphere, the TROPO- 
SPHERE, about 10 kilometres 01 33,000 ft thick, is concerned 
in the process of condensation and evaporation That 
does not define the limit of the atmosphere itself Obser- 
vations of METEORS, AURORA and Other phenomena 
indicate that the atmosphere is still recognisable at a 
height of some 80 or 100 miles At the greatest heights 
the composition is piobably quite diffeient fiom what it 
IS near the surface From 57 kilometres upwards it is 
thought to be mainly hydrogen But it is with the lowest 
10 kilometres, the region of nitrogen, oxygen and water- 
vapour that meteorology is concerned 
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Tbmpbbaturb and Humidity 

Our interest m the TEMPBRATITRB and PRESSURE of the 
atmospheie ishowovei not so limited 

Temperature is indicated by the thermometer and 
tells us how hot or how cold the weather is Tt is a very 
important consideiation because the human organism is 
so adiusted that without special precautions it can only 
bear a very limited range of temperature with comfort 
62i° Fahrenheit, 290 absolute, is the best temperatuie foi 
an oidinary living room A thinly clad person feels 
very cold unless he is actively employed, it the thei- 
mometer falls below 54 F , 2b5a , and if it gets 
above 72° F , 295a , it feels veiy hot for hard work 
for those who aio not used to it The feeling of 
oppression is not simply a matter of temperature , it 
depends also on the di yness oi moistness of the atmosphei e 
— — "A moist atmosphere is peculiarly 
disagreeable il the temperature 
IS below 50° F 283a oi above 
70° F 294a These conditions 
can be detei'mined by the WET 
BULB THERMOMETER When the 
wet bulb is above 90° F life is 
haidly suppoitable, and when the 
teinpeiaturo is only a Lew degiees 
above the lieozing point, veiy 
damp an is very objectionable 
Consequently consideiations of 

health load us to pay caieful 

attention to the wet bulb as well as the diy bulb 
Humidity is the toim which meteorologists use to 
describe the state of the atmosphei o as legaids dryness 
or moistness. When the an is dry the humidity is 
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said to be low, and when it is damp the humidit} 
IS said to be high The teinpeiatuie, and still moie 
the humidity, geneially vaiy very consideiably between 
day and night (diurhal variation) and the temper- 
atuie varies still moie between suMMiiiR and winter 
(SEASONAL variation), but the seasonal vaiiation of 
humidity is relatively small The great advantage of 
the British climate is that duting the working hours 
of the day the temperature and humidity geneially come 
within a workable range at any time of the yeai , when 
it IS very hot in summer it is geneially very dry, so that 
there aie veiy few days in the yeai in which outdooi 
work has to be suspended on account of the heat or the 
cold But anyone who is accustomed to the lelative 
dryness of the eastern side soon feels the oppression of 
moist heat if he goes to the extieme western side of 
Ireland 

Plate III shows the distribution of tempeiature ovei the 
British Isles at 6 p m on the 2nd August, 1915 

Lines aie diawn separating the figaies above 65 from 
those below, those above 60 from those below, and the 
figuies above 55 from those below Some figures leniain 
isolated 

For reasons which aie now cleaily understood, the tem- 
perature of the air generally gets lower as one ascends 
The aveiage fall of temperature near the surface is about 
1 F for each 300 feet, 10° F for a kilometie With a 
surface temperature of 50° F we might anticipate'' that 
the FREEZING POINT would be reached at 5,500 feet 
(I4 kilometres above the surface), or 1,000 feet above the 
top of Ben Kevis, 2,000 feet above the Welsh mountains 
On mountain sl opes temperature falls rather more than it 

* For further information see OlossaQ y sv , Inversion 
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does in the free air, but the differepce is not impoitaiit 
The freezing point of -water is the aveiage tempeiatuie of 
July at 7,500 feet, 2 5 kilometies At a height of 27,000 
feet mbBCTJBY fieezes, and the seasonal vaiiation then is 
much less The fall of tempeiatuie goes on until the 
heio-ht of the highest mountains of the world is reached, 
about 30,000 feet, 10 kilometies, and then the temperature 
ceases to vary with fuithei increase of height So the 
variation of temperature with height stops where the 
•water vapoui in the air ceases to be an appreciable 
amount, see pp It, d7 

The coincidence of the effective height of the WATBE- 
ATMOSPHBBE and the tops of the highest mountains 
with the cessation of the fall of temperature is curious 
Thei e is, perhaps, some connexion between them 

Prbssubb and its Mbasubement 

We now come to the consideiation of the PEBSSUBE of 
tbe atmosphere, the most important of the meteorological 
elements, because all the rest of the features of weather, 
viz win’d, temperature, humidity, cloud, ram, seem to 
dep’end upon it, oi rather, not so much upon itself as 
upon its changes The winds aie certainly closely related 
to differences of pressure, and in some way oi other the 
ad-justmeni of the flow of air to the requirements of 
pressure bring all the rest of the phenomena of weather 
into operation 

The ideas which form the basis of measuiement of the 
pressure of the atmospheie are of the greatest impoitaiice 
in undei standing the conditions of weather, but thej 
are not to be formed without some experience of the 
behaviour of PDUIDS, both LIQUID and GASEOUS. The 
air is held to the earth, ]ust as water is, by its WEIGHT 
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Tlie watei only fails^to cover the whole earth as the aii 
does, because theie is not enough of it Both in air and 
water the weight of the apper layers influences the whole 
of the lowei layers in a special wav 'which is characteiistic 
of huid pressure Everything immersed m it is piessed 
with a pressure that increases with the depth of immersion 
until the effect is absolutely crushing in actual fact 
Everything that has hollow spaces must be crushed by 
pressure if it sinks deep enough in water A similar 
statement is true of the atmospheie, only, with that, it is 
upwards wheie the pressure gets less and less that we 
think about, not so much downwaids where it gets more 
and more 

The peculiarity of fluid piessure which we must carry 
with us IS that of transmission In ordinary domestic 
experience it is difference of LEVEL which decides winch 
way water shall flow Watei always finds its own 
level ” IS the proverbial way of putting it It does not 
matter how little is the ci evice through which the watei 
has to creep Give it time and it will settle itself just the 
same in the end as if the crevice were an open dooi 
With air the same is true only less time is required to 
get the levels right, so that we come to the general 
principle that the pressure of still water or of the still 
atmosphere is always the same at the same level, inside a 
room or outside In the most obscure recesses of an 
enclosed building theie aie always crevices enough to 
allow the pressure to be the same at the same level inside 
and out, except during such rapid changes of piessuie as 
are produced by sudden GUSTS OF WIND and still moie 
noticeably by the WAVES OF EXPLOSIONS 

So we regard atmospheric pressure as ubiquitous, the 
same everywhere at the same level, unless the air is 
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moving When it is moving we regaid the motion as an 
incident in the ec[ualiBing of the level So it is, but in 
the free atmosphere the process of equalising is not the 
simplB process ot throngli ^ door, it h.as laws of 

its own whieh we shall have to considei in due time 

With the ubiquity of pressure comes the idea of its 
measuiement and for this purpose we regard the pressure 
as unifoim over a square inch or square centimetre One 
only loses the thousandth part of the piessure of the 
atmosphere hj climbing up ten metres (33 feet) so that 
the variation ovei a few feet is not appreciable except with 
a delicate instiument So it we take the pressure of the 
Q^jjiosphere as l-*!^ Ih per square inch or a kilogiamme per 
00 irtimetre 5 we soon see that the foices which ive 
have to deal with when atmospheric pressuie is concerned 
are enormous A kilogramme per square centimetre gives 
a ton over 1000 sqnare centimeties, about a squaie foot, 
and theiefore nine tons to the square yard 

Thus the forces of atmospheiic piessnre are very great 
when the areas considered are large 

The Baeombtee 

Foi measuring the piessuie of the atmosphere we use a 
BAROMETER There aie two common foims, the MEROXJET 
BAB-OMBTER and the ANEROID BAROMETER Either can 
be made to record its own variations by the movement 
ot a pen over a paper carried on a drum moved hy clock- 
work The appaiatus is then called a BAROGRAPH or 
ANEROIDOGBAPH and the lecord is called a baeuGRAM 
The aneioid barometei gives the best idea of what is 
meant by the piessnre ol the atniospheie, because it is the 
ciushing, 01 more strictly, the compression of a box which 
IS neaily exhausted ol an and has a flexible hcl, and its 
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recovery, which move the index In the me] 
baiometer it is not the piessuie of the atmosphere vs 
IS measured but the length of a column of mercury vs 
will give the same pressure as that of the atmosphe 
the level wheie the two fluids, air and mercury, i 
Mercury is a very good fluid to use because it is so h( 
It only requiies a column of mercury about 30 ii 
01 760 millimetres (abbieviated as 760 mm ) high, wii 
anything on the top of it, to balance the accumu 
pressure of the atmospheie in its whole range fron 
sea-level to a hundred miles up Any otliei liquid c 
be used, but a watei-barometei would have to be 34 
in height, a glvcerine-barometei about 27 feet in ho 
So in spite of the ubiquity of atmospheric pressure 
the great vaiiety of possible liquids, when it com< 
measuring, only the meicury barometer and the an( 
barometer aie left and theie are difficulties about th( 
of the aneioid baiometer which make it unaccep 
when weather maps have to be drawn So the mer 
barometer is always used foi that purpose 

It IS really only small variations of atmospl 
pressure that come into consideiation If we take 
average pressure as a “bai ” or 1000 MILLIBARS (indic 
by the abbieviation mb), the whole lange ol vaiic 
within a year will only he between 940mb and 106( 
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except on the raiest occasions v 
it may include 925mb The vai la 
of the hundredth of an inch in 
length of the meicuiy column 01 
third ot a niillibar in piessuie \ 
importance in modem weathei-st 
so the manufacture, giaduation 
leading of barometers for the 
poses of a weather map are matters 
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nsideration, especially as the readings aie the most 
fc of Si those which are chaited Baiometoi 
have to be properly examined as to teniperatiiie 
SbrOB, and, if necessary, CORliBCTHD and they 
T. to be “ BBDUCBD TO SEA-LBVKli, BO that when 
Blotted on the map we may recognise the varia- 
m point to point at the same level, oi along a 
il sLface. Sba-lbvbl is a conventional torni to 
the horizontal surface of the calm sea wlion the 
at a particular level at Liverpool Wo have 
explained that il the an is at lost the piossure is 
^ at the same level Now when wo como 
ye areas as with maps, we plot the rc>ulinp oL the 
3r and find that this pressme is not the same 
ere at the same level But wlion theie are 
les of pressure at sea-levol, the •‘‘ii piviotic<illy 
neverat rest bnt is moving ddio motion we 

i 

ISOBABS 

n draw lines on the map winch wo c.dl “ ISOBABS,” 
of equal pressui e winch show at what points tne 
d and i educed barometei leadiiigHaro the naine, and 
t a pictorial representation ol the distribution ol 
3 at sea-level These difl erences of prossnro could 
at if tlie whole atmosphere woie quiCHCont, and 
e existence of these ditterencos which accounts, 
Iv speaking, for tho winds which we experience 
e distribution of piessuiethe distubiition ol winds 
related and to them also, in part at least, tlio 
ition of temperatiue and weather 
IV represents tho distribution oi piossure shown 
lais and figures, when wo have made a single 
^ combining all the mtormatiou which has been 
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Lbssohs from Weather Maps 
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lower on vour left hand than on your right. 
This IS known as Buys Ballot’s law and is the runda- 
mental law of modern meteorology It is necessary to 
specify the Northern Hemisphere because m the bouthern 
Hemisphere the reverse is true, standing with your back 
to the wind the pressure on youi right hand is lowei 
than it IS on the left 

Sailors are accustomed to speak of facing the wind and 
in consequence the statement of Buys Ballots law in 
books on meteorology foi seamen takes the form that in 
the Northern Hemispheie it you face the wind, pressme 
IS lower on the right hand than on the left, and in the 
Southern Hemisphere if you face the wind, pleasure is 
lower on the left hand than on the light Plate Vi is a 
repioduction of a map drawn by the Weather Office at 
Melbourne and is given here to show that with the 
modification mentioned, the lesson to be diawn from our 
maps has its counterpart in a weather-map of the bouthern 


Hemispliere , 

This remarkable change on crossing the equatoi 
naturally leads to the question of what happens in the 
equatorial region itself which we may deal with at once 
aI a matter of fact the attention which the wind pays to 
the isobais is most pronounced in the polar regions, and 
IS still quite noticeable to within 20° of the equatoi, but 
neaiei the line it weakens and at the equator itself it is 
not operative at all The effect diminishes as the equator 
IS approached and is resumed in the opposite sense when 
a latitude of 20° on the opposite side is leached 

This gradual transition from the law of the Isoithern 
Hemispheie through the equatorial region without any 
law of this kind to the law of the Southern Hemisphere 
IS not so noticeable in practice as might be expected tor a 
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^ meteorological reason, arising from the series o 
WT? pressure which forms a belt of permanen 

round each hemisphere from about 25° tc 
of mitude, and which is penetrated only by th( 
&apB through which the tiade-winds aie fed Th( 
pressure of the equatorial legion itself is lowei than it n 

near the Aictic and Antarctic circles Between the high 
pressure belts there is a laige region of little or no 
fEerence of pressure and, theiefore, little oi no wind 

tiayeller on his way from 
orth to ^uth across the line leayes the region of the 
Northern Hemisphere wheie Buys Ballot’s law is effectiye 

laiiaWe"^wm.ff^ through a region of calms and 

variable winds, emerging again into the region of the 

Southern Hemisphere where Buys Ballot’s law is 
operative in the opposite sense, without having had any 
opportunity of relating the wind to the misu?e 
distribution in the intervening region 
We can look at Buys Ballot’s law in a somewhat 
different way by considering wind as the flow of an 
a ong the surface, and we may learn from the man that 

mht°r ttTow ^ PresLHn the 

right 01 the low pressure on the left, but with a drift 

•-Seethe dirStTn of ^ high pressure to low piessuie that 
sives the direction of the wind a deviation from the isobais 

This way of looking at the matter is important because in 
recent years we have learned a good deal about the unner 
winds, the air currents in the free atmosphere above^the 
surface, and one ot the first conclusions frLi the obswva- 
tions of the upper air was that the flow of an warS^Ire 
and more strictly along the isobars in the higher levels 
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3 ,nd. tliat tli6 flow 3,01 OSS tli6 isobars is cliaia-ctoiistic mainly 
of the surface ■winds , in other words the deviation of the 
wind from the isobais at the surface is perhaps attiibn- 
table entirely to the indirect effect of the suiface upon 
the flowing air 

The next impoitant lesson to be diawn from any map 
lefers to the stiength of the wind Hardly any map can 
fail to exemplify the rule that where the isobars i un close 
together the winds are stiong, and where they aie wide 
apart the winds are weak Any lule that could be formu- 
lated tor a numeiical i elation between the distance apart 
of the isobars and the surface winds would have a good 
many exceptions which ma’y be real or apparent, but, on 
the whole, nobody can fail to agree with the proposition 
that close isobars mean strong winds, and widely separated 
isobais light winds oi calms 

An explanation of these two most impoicant pioposi- 
tions, viz , Buys Ballot’s law and the law of relation of 
wind-velocity to the distance of isobars, can be given 
It connects the velocity of the wind with the distiibution 
of pressure and the rotation of the eaith, and thus accounts 
foi the change from the Noithein to the Southern 
Hemisphere, but the explanation obviously depends upon 
the theoiy of motion upon a lotatmg eaith 

The calculation cannot be expected to apply fully to 
the suiface winds because tbe flow of air is affected by 
the obstacles which it has to pass W e can atti ibute this 
interteience in a geneial way to friction but we have no 
adequate numerical expression for 

Another lesson which can be learned from a single 
weather map is that very little difteience of piessure is 
accoimtable foi a great deal of wind If there is a 
tail of pressure of half an inch (16 millibars), from 
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T , j. 4 - kp nnite stormy with out the mercury 
low, but that, along the 28 5 line 

felling ^ , rnisht or miglit not be true m parts , 

hue min that also would be true locally, 
Tbur^e conrerse proposition that it will not lain, unless 
the baiSS gets down to 2D 0 in is quite untrue 

irnoT 

alwSr'it miy ram all day with the baiometer at 30 0 , 
lo n \et fan it is generally fair, hut there is no 
“set” about it , 31 0 very diy generally true, but not 
mecessarilv 31 0 when the weather is very dry 

Thf worst of these legends is that though the pre- 
scubed weather does occm frequently with the barometer 
as described, it can and does occur with the barometer 
higher or lower in the scale : there is no reversibility 
about the propositions If tlmie were how easy the 
study of the wither map would be The isobars wou d 
mark out the weather, but clearly they do not Geneially 
speaking, weather of various kinds is to he found m 
different parts of the same isobar,_ so we cannot deal with 
weather on the map by assigning particulai kinds of 
weather to paiticulai piessmes . . , n . 

So, also, with tempeiatnre to some extent it f/f f-, 
mined by th.e direction of the wind, but it is modiued by 
the action of the sea and land over which the an is passing, 
and the effect of the land is laigely influenced by sun- 
shine and cloud We can only take the temperatuie on 
the map as we find it and try to connect it with the 
pressure and wind as modified by the sunshine 

The Sequence of Weather 
When we extend onr study from separate maps to a 
succession of weather maps for consecutive days we 
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Age cannot wittei her, nor custom stale Her infinite variety ” 


for each^Iv aud^a?e nil prepared for three epochs 
number of maus ol this four, so that the 
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wokno^rhaTuever aS ^he sequence, so far as 

we have no exSation S/ f lepetition and 

stress on the beLviour of the woTif^ 

general featuresTheTsimi^^^^ ^!n 

ever upon the nos^hf^^ ^ ^bat- 

identity No recurrence of actual 

to be, any more tha? Tw^me? aVrJhrs^* 
many men have similar features 

is therefOT^ toVassi^fv^ sequence of weather 

by dealing with the whole done, not 
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Plate^ V in 

sometimes “a CYOTONw®” a cyclomc depression” or 
“a TOW” a CYCLONE or « a DBPEBSSION ” or simply 

mlrked^giS Pi‘®®®nre in this case is 

marirea yjSmb and the siinounding isobars aie shown as 

closed curves on the map until that foi lOlOmb which 
IS cut in two places by the frame of the map It m^be 

naths^mav^br^^f tortuous their 

anJl ^ isobais are necessarily closed curves 

obser^tmns' of sufficient dimensions (with 
ODservations to fill it) m order to show the isobar as 

closed No isobai can have a loose end It is always an 
mteiesting question as to how the uncompleted isobars 
Ste'Isio? o^f Xi’ nl^imately closed, and it leads to the 
Bvhml if ultimately the whole hemi- 

aml otter, ® oI faith with us that an isobar may, 

tbe leason toi this view is not at all recondite , it is con- 
nected with Buys Ballot’s law The influence of one 
hemispheie upon the other we have not yet explored 
On he othei hand, theie is on the same mipTregion 

maikwl HIGH’w’.tr^^H the Azores 

mauvea HIGH, within the isobar ot l()25mb with wh,eh 

perhai,s, the isobai ot 102()mb should be grouped to orm 

an example ot “ an ANTIcyclonb ” or “a Sk ” ThS 


yji. cui AJNTJ CYCLONE ” or “a HKjr' ” Th^T 

particnlai map is sufficiently described as follows - 
Ihore IS a well-maikod “low” with its centre over the 
Biitish Isles showinu flflSmb at the mouth of the ivern 
^d a soeondaiy pushing out noithwaid along the 

S>id"t!if \ round 

mg from S^riier^S n 

thf 1 a™ n Eastern Prance between 

SL a shallow low over S 

Mediteirancan And we can associate the weather with 
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pressure without much hesitation , it 
^ except at the toot of the 
J, tongue of high, and in the North-West maigin 
thA ’ theie IS ram along a strip across 

the J^oith, forming a wide sector on 

pxtenafr!^ ^ Iiarrow strip to the Noith of the centre, 

the <^eii+n asAbeideen, theie aiethundei storms on 
tne bouth-Eastein front 

witm temperature the line of G0°, separating 

ollowint, an iiiegular course fiom WSW to E N EL 

cental Se “‘^ia^®®\ i^ear the 

wSterlfwiS*^ leached Scilly, with a North- 

air hns^ iM h a ^ u®*' front of the centre the warm 
between northward The line of separation 

■withaNortherireomponent'""^ ^ 

Pait^offl!e‘^^^'°’" °l weathei and tempeiatuie to eeitain 
B omtf ie? n 1^' Indicated by the distiibution of pressure 
tion m?«ht I “‘^P coYered by a similar descrip- 

fio-nres ^foi thJ 'ranous details, as well as in the actual 
woSfit hnt but in general outline it 

1915 fore pm of 2nd August, 

a normal o, ttl ^ of presenting 

deereS ^f ifwi ’ “^P® ^^^ow Taiioui 

different us reoa^v^f^+t ^^P®’ oi" ®ie radically 

of the “Iowb” ® ^be positions, areas and intensities 
cyclones "yolones and anti- 

one 18 diffAio / peciaiiaritjT’ Every 

But thet?e^l In f'oin the lest 

the foundation^of ^h a common pioperty which is 
me loundation of the modern method of forecasting 
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weather, and that is that die mam features of the distri- 
bution of pressuie, the highs or lows, travel or peihaps 
wander across the map sometimes fast, sometimes slowly, 
sometimes on a stiaight path, sometimes on a devious one 
— nearly always tiom West to East oi from South-West 
to Noith-East, or fiorii South to North, or from Noith- 
West to South-East — larely in the opposite diiections, and 
yet examples do occur We will take a normal example 
of the travelling ot a depiession, that which give the gi eat 
gales of Novembei 12 and 13, 1915 (Plate VII ) The 
succession of maps tor these two days which are lepio- 
duced here shows that the depression appealed fust on the 
western maigin ot the map, its centie puisueda South- 
Easterly couise until it was over Falmouth, then it made 
off up the Channel, crossed the land and hna ly dis- 
appeared acioss the North Sea Anothei example is also 
given, the gale of Chiistnias, 1915 See Plate VIII , p 36 

The Travel of the Centres op Cyclonic 
Depressions 

Cyclones and anti-c} clones aie not the only toims oi 
groups ol isobars with which a meteorologist has to deal , 
othei examples of names given to special distiibutions ot 
isobais and the weathei associated with them, such as 
straight or paiallel isobais, V-shaped depression, secon- 
daiy depiession, sometimes called satellite ”, wedge and 
‘‘ col ” or “ saddle ” will be given under the heading 
Isobars m the Glossaiy But, fiom the time of its 
identification on the fust maps of isobaiic hues, the 
association of isobars with a centie, paiticulaily a centre 
ot low piessuie, has had an irresistible fascination for 
those who aie mterebted m the study ot weathei It is 
to the behavioLii ol tlie cyclonic depiession with its 
associated winds and ram that they have looked for the 
ISbOO B 2 
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means ot formulating new laws ot weathei The less 
obtinsive anticyclone with its geneially quiet and fair, 
01 O'Neil hne, -weathei has been regaided in a sort of way 
as a sepaiate type of creature, lesisting the appioach of 
its mobile enemy, the cyclone, diyertmg him from his 
path while itself lemaimng stationary oi moving only 
slowly and with serene dignity So much has the 
cyclonic depiession been legaided as the key to the 
seciet of the weathei, that, ioi the last forty years oi 
more, eveiy cyclonic depiession to which a centie could 
be assigned on the maps ot the Meteoiological Office has 
been tiacked across the map, and the path ot its centre 
laid down and published with unfailing legularity m the 
Monthly Weathei Repoit In the eailier yeais v/e had 
no daily telegiams from Iceland, and we foimed the idea 
that most ot the well-behaved depressions kept to a fan 
track between Scotland and Iceland, where we could not 
map them Fiomthe beginning of 1907 we have had the 
great advantage of including Iceland in oui daily charts 
and by the end of 1916 ten yeais of these full chaits weie 
available f 01 study Mi E L Hawke has lecently made 
foi me a summary of the lesults shown by the backs of 
the depressions charted in the Monthly Weathei Report 
for these ten ^ears Three conclusions drawn from this 
examination may be briefly mentioned here Fust, 1,211 
depressions have had their centies tiacked in the whole 
period, giving, on the average, a new centie for eveiy 
three days throughout the ten years They are dis- 
tributed among the calendai months as follows — 


January 

February 

March 



91 ; 

! July 

88 

94 i 

1 August 

89 

133 

Septembei 

76 

9 « 

Octobei 

101 

IOI 

November 

103 

102 

December 
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Secondly, grouping the location ot the centies accoiding 
to fave-degiee-squares of latitude and longitude, the 
visitations of the several squares are as set out in the 
following table — 

Numbbes of Obntsbs of Dbpebssions which havb bkbn 

LOCATED WITHIN CEETAIN SQUARES OF PlVE DbORBBS OF 

latitude and Longitude in the Ten Years im to 1916 


LONGITUDE 


LATITUDE 

W 

1 5° to 10° 





10° to 15° 


0° to 5° 

0° to s° 

j 

111 

5° to 10° 

6o° to 65° 

55° to 60° 

50° to 55° 

45° to 50° 

199 

241 

288 

C105) 

244 

303 

316 

173 

245 

274 

292 

192 

221 

248 

272 

123 

197 

^49 

20"! 

Sf> 


ihe geogiaphical situation of the squaies may be indi- 
cated by saying that the Noith-Westein Square includes 
Iceland, the North-Eastein the extieme west 
of Norway, the South-Western a part of the Atlantic a 
long waj outside the Bay ot Biscay foi which the numbei 
(enclosed in brackets) is piobably incomplete because oui 
supply of obseivations toi that legion is inadequate , and 
the South-Eastern square includes, m its Southern pait, 
the Swiss Alps The middle column covers Shetland 
Eastern Scotland, England and Wales, and Fiance west 
of the mouth of the Seine, lespectively Looking along 
the lows and columns tho leader will have no dilhcultv 
m discoveiing that Ii eland is pie-eminently a locus ol 
depiessions The square where the highest numbei ot 
ceniies, dl6, have been located is that which stretches 
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trom Scilly to Londonderiy and 1ioni Yalencia to St 
Ann’s Head , the square next in order ot favour includes 
the Noith Coast ot Ireland, the West Coast of Scotland 
and the Hebrides The low between 50° and 55° is 
clearly tne most frequented of all the lows until we come 
to the column 5° to 10° E , when the squares coveiing the 
Danish coasts come into greatest piominence The belt 
from 45° to 50' has veiy few centies at the eastern end, 
but the western end gets the centies foi the mouth oi the 
English Channel and the Bay of Biscay, which aie lathei 
numerous 

Anothei cuiious point about the geogiaphical distiibu- 
tion of depressions is that the centres favoui difterent 
squares in different months of the yeai Foi the ten 
years which have been summarised it may be noted that 
m January the distribution tends to umfoimity The 
Cattegat is the most fiequented legiori wifch only 22 
visitations m the ten Januarys, while Sjngland comes veiy 
near to the same number with 2i The British Isles 
generally get an aveiage of 18 In Pehiuaiy the legion 
of the Faioe has the laigest numbei of uO, and foi ms a 
definite centie of ceniies, while the average foi the 
British squaies is 21 In Maich the centie of centies 
appeals in the southern part of the Noith Sea with the 
still larger numbei of 40, in the ten months of that name 
In April the region of greatest fiequency belongs to the 
two squaies which cover Scotland, each with 25 , in May 
the distribution is peculiar theie is a notable centie with 
30 in the lush squaie, but theie aie peculiai projections 
ot frequency eastwaia to the Baltic and tsouthwaid to the 
west of Biscay 

The month of June hiingb us bachr again to Eastern 
Scotland with a well-defined concentration of o2 centies 
In the next month, July, the same squaie is again pro- 
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minent associated with its western neighbour as it was in 
^nt Cl edited this time with 29 eachj and in A.ugust 
the same figure IS set against the same two squaies, and 
gainst the adjoining Irish squaie as well, while the 
English squaie comes pretty near with 27 September is 
the month when depressions are fewest , m the ten yeais 
most centres have been located in the South Norway- 
Denmark square, but the numbei only reaches 20 In 
October there is a recrudescence of activity in which 
Ireland with St Geoige’s Channel becomes the most 
aequented distiict with 36 depressions m the ten years 
ihe same locality is relatively even more locally pro 
minent in November, although the number of centres 
which crossed the square rs only 32 There is a secondary 
centre ot frequency with 27 in the Shetland region Still 
more tuaiked again is the predominance of the same 
region (Iieland with St Geoige’s Channel) in Decembei 
lor in the months i.f that name m the ten years, that 
legion has been credited with no fewer than 43 centies 
ihe thud conclusion which has been drawn is that in 
then hacks across the region under consideration the 
centres of depressions seem to choose either the watei- 
waym o the English Channel, the Noith Channel or 
bt Geoige s Channel into the Irish Sea oi pass beyond 
the noithein coasts When they cross the land they 
choose the flat parts of it They cioss Ireland, for 
example, bi the level middle, and thence go by mid- 
Wales oi the Solway Firth ovei England , oi they come 
fiom the Noith-West to the lush Sea Another loute is 
f 1 oip the Bristol Channel to the mouth of the Thames 
Caidigan Bay to the Wash ot to the mouth 
?i nn auotliei from the Meisey to the mouth of 

uim ilumes in continuation of the route from North-west 
b} the Noith Channel Theie aie also favouiite crossings 
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from 86a to soa by tbs Solway Pirtb, as alroadly mentionod 
for depressions which have reached the lush Sea and by 
the Clyde and Firth of Forth, or by the shoit cut from 
the Minch to the Moray Firth for centies which approach 
the Scottish coasts from the westward The selection of 
^ese routes is not a matter of law, but rather of facility 
Exceptions could probably be found to all of them 
A peculiarity of the routes is that they seem to be 
available either way A depression may pass fiom the 
Bay of Bis^y northward over the Irish Sea and so on to 
the North-West, or it may travel in the reverse direction, 
wlT even retrace its own path It may travel from 

in Liverpool, or from London 

to the Hebrides by the same route 

^ precise lines 

representing the tracks, as the centre of a depression is 
an elusive point, but all the accumulated evidSce goes 
to show that the travel of a cyclonic depression is n^t a 
very simple matter It used to be thought that a cyclonic 

^ -whirling mass of air that ^passed 
over the country with other smaller whirls appearing as 
secondaries The use of the word “ sa tellit?” Xch 

iTOVAlhno- iTY X® ^ revolving moon 

ra eliing in the tram of a largei revolving earth We 

are now able to say quite definitely that the general 
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where there is cyclonic motion which we do not yet 
fully understand We may find a whirling mass where 
American meteorologists find their tornados “as the 
attendants of the parent cyclones of which they are the 
offspring They aie born in the great majority of cases 
m the aiea of warm, damp soutlierly winds m 

front of a general cyclonic storm 

The motion of a cyclonic depression is not a dervish 
whirl , it IS a peculiai kind of dance which it would be 
quite worth while tor children to try to perform, m 
which the dancers oi the samples of air are always 
changing their paitners the ring which appears on the 
map IS always being fieshly formed of new elements 
from neighbouring iings Only the sample which travels 
with the speed and direction of the centre keeps its place 
and that not by moving in a circle but by going straight 
on, all the rest march round the centie and away again, 
nevei get m each other’s way and always fill the stage 
Each one takes a step in a circle and the next step in 
another ciicle, and a third m a third circle Every step 
IS in a circle, but no two consecutive steps are in the same 
circle The dance is much too regular to be at the mercy 
of such accidents as warm air and cold air It takes 
those in as incidental circumstances without much in- 
convenience, as the study of the maps of depressions 
will show 


Bakometric Tendency 

It IS the business of the foiecastei to find out, if he can, 
ni what direction the cyclonic depiessions or anticyclones 
within his legion are going to move, and to issue notices 
of the changes of wind and weather that are incidental to 
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the motion For that puipose he relies mainly on what 
IS called the barometric tbktdbkcy, and the lecent 
m the direction and force of the wind at all the 
reporting stations, which are denoted by the teims BACK- 
ING and Veerikg 

The barometric tendency at any station is the change 
in the pressure at the station within the three hours 

t IS taken from the record of a barograph and, by an 
international agreement of 1913, it is included iii the 
regular reporte from all stations that aie provided with 

stations the change of pressure 
mdicatins, the tendency is given in half-millibars, because 
that represents the highest degree of accuiacy with which 
the change can be read from the trace of the pen of an 
ordinary barograph ^ 

When the barometric tendencies are entered on the map 
it IS easy to identify the regions where the barometer is 
m process of falling, and those where it is in process of 
rising, and this information gives a general idea of the 
changes of pressure that are in progress on the map The 
baronietric tendency is the more useful because a cyclone 
or anticyclone seldom travels unchanged in shape and 
mtensity The h&Yel ot ptessure-changes is apparently 
moie regular than the travel ot pi essure-values 
Some addition is made to the definiteness of the 
indications by tiansmitting also what is called the 
of the tendenci/ according to an agreed code 
which tells whether the rise or fall is increasing oi 
slackening, or is in piocess of reversal, and so on 

Veering and Backing of Wind 
The other chief indication of impending changes m 
the map is the change in the wind at the seveial stftions 
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We know fiom Buys Ballot’s law that the direction of the 
wind tells us in \\ hat direction to look for higher pressure 
and foi lowoi piessure , and, when the wind changes, we 
must recognise that the distribution of pressuie is changing 
also If the foice of the wind alone changes while its 
direction holds, we know that closer or more widely 
spread isobars aie passing ovei us , when the direction of 
the wind is changing the highs and lows must be 
changing their OEIBNTATION 

The best examples of the usefulness of this indication 
are afforded when cyclonic depressions follow one another 
in succession, at luterTals of two days or thereabouts, 
along their favouiite track from W S W to E N E , with 
the centre somewhere northward of Britain When the 
centre has passed, the wind is North-Westerly , the low is 
to the left of the wind to the Noith-East — gone by — higher 
pressuie is to the right. South-west — to come If the 
wind presently HACKS, as it is called, from North-West 
(against clock-hands) thiough West to South-West again, 
the highei pressure has gone by, and another low is 
approaching As the low passes, the wind veers (with 
clock-hands) through West to North-West 

The amount ot veering or backing is usually settled by 
the forecastei foi himself by a comparison of the record 
on the map with that on the pieceding map In the 
absence of wireless repoits the backing of the wind at 
Valencia or Blacksod Point on the West coast of Ireland 
IS the hist indication on the map of the approach of a new 
depression from the Atlantic 

Types op Pressure Distribution 

The piocess of classification which has been desciibed 
in the preceding paiagiaphs is limited ro the consideration 
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characteuftic grou^°ha4to fi Positions of the 
the meteoiolofica^coSoL f ^ f define 

been devoted to the method of laboui has 

to the whole incture disclosed hi by reference 

and perseverance typical maos patience 

maps classified according to^the a i'^ ®®iected, and other 
have even been formed abont K’^les 

types and the sequence of types 

satisfying ^ypes— but they are not very 


I HE UPPEE, Air 

'' “ ™” ^™ 08 PH.a* 

to i« toscaas .s . Sto „ 

weathei maps, the results of^ whX^i ®^P^^^®“ce with 
formulated and cannot be set ou7 fno 
themselves It is not dependLt “^P« 

training m mathematics o? physic, ^ 
ordinary school-education i Anyone with an 
experience But when expeiienee °h7y,s necessaiy 
most accomplished forecaster from^w 
himself confronted again with t^ “^^P® 

hope to come upon a complete and cannot 

sequence which has occurred before^ Sn '®P®tition of a 
of the unexpected There is always the 

hension of ttie° evSs SS thTobs?'' compre- 

for evei beyond our reach records will be 
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shown upon the map, so that we may deal with them a. 
events tollowing causes, instead of legardmo- them as th( 
lepetitions of histoiy That is the geneS pioblem of 
application of the sciences of dynamics and^physics to the 

been Miduously sM.ed by means of obS 'htS faten 
dofids but tL^^n obseivations ol 

minute specification of the details of the aveia^^e^cvc'oSe 
or anticyclone, and it has been hampeied by the f ut that 
we have no satisfactory account to give of thfoi -m ol 

evLTirTSarthe^'^v''^®^"''®® themselves We a?e not 
ven sure that the average cyclone or anticyclone ever 

w|efr|xreTpre‘r„n^^^^ 

incidents in that circulation ^ ^ “ nierelj 

jn,pXyLllVeInlUr“ncSLT^^^^^^^ 

sXnrf“rr.xxxxi“of^^ 

wMe Be vlot- balloon ba. dieeloeed Ye S3™ 


highest 
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of atmosphere m clear weather, that is the diiec 
and velocity of the wind when there were no do 
kilometres, or 6 miles, and ^ 
trequ®ntly up to 3 or 4 kilometres, 10,000 or 13,000 f 
It IS now m daily use at many stations foi the gmda 
ot the pilots of aircraft 

results of these new ohi 
vations that the distribution of pressure at the surfact 

thJ , 1 ®+^°K X® probably governed oi controlled 
pressure at a height of about 9 k 
■below TEOPOSPHBRB, ] 

lei 7 ol The ail below that controll 

atmoBoU comprises two thirds of the wh 

atmosphere, has comparatively little to say with regt 

We distribution of pressure 

the experiences of weather . 

that vi* distribution of pressure prescribed 

relatively w^^ and affected by the convection 

re?ou inteT the operation of pressure within t 
gSu^d * between the governing layer and t 

causJs^d^+1iefi'^+^®K*? find out, if we can, what are t 
and what ar-e ^f^’^^^tion of pressure in the stratosphei 

convection thnt^® ^^^‘^^tions for the occurrence of t 
convection that expresses itself in clouds, ram, snc 

in^mnty co-operation of the highf 

wfth ^he rnost^amfT oat obseivatior 

“rdenTo\""“®‘r 
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AVERAGES and NORMALS , and lie must know something 
ahont astionomy and physical geogiaphy , if he wishes to 
puisne the daily investigation of the structure of the 
atmosphere with pilot-balloons he must face the terrors 
of the elemental y trigonometiy lequired foi the solution 
of triangles In thinking about the facts as to winds 
disclosed by pilot-balloons in i elation to piessuie he 
will find himself involved in DYNAMICS of a peculiaily 
difficult type If he wishes to find out the height of a 
balloon from the record of its pressure and temperature 
he will lequiie a woiking knowledge of practical physics, 
with a little mathematics added, that will inevitably 
land him in an exponential teiritory, the legion of 
logarithms 

It IS not given to everyone to acquiie the equipment 
which these difficult sciences provide — not that they 
are too difficult, for difficulty m these matters is only a 
want of familiarity — but familiarity requires a long time, 
and time is notoriously short It is therefore not possible 
to complete this introduction to modern meteorology by 
preliminary dissertations on the mathematics, dynamics, 
astronomy and physics which the modern meteorologist 
uses Noi IS it necessary, because this is a matter of co- 
operation , observation is as indispensable for the result 
as calculation, and, if there is a reasonable and candid 
exchange of experiences, the division of labour is the best 
arrangement 

But, at the same time, eveiybody is inteiested in the 
weathei, and most men have at some time or other 
aequiied a stoie of knowledge which will enable them to 
make intelligent use ot the infoimation which modem 
meteorology provides Much of it is concerned with 
unfamihai words, some of it with unfamiliai ideas It 
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seems therefore desirable to follow the plan of tlxo 
dictionary or the encyclopaedia, and put together sucli 
information as may he of interest to the practical students 
of weather in the form of separate short articles, 
alphabetical order of subject, foiming the Meteorolo^ica^l 
Glossary (MO 225 3 1 ) 

To this Glossary have been assigned such meteorologica-l 
details as the different forms and groups of isobars, tlao 
classification of clouds, the frequency of gales and fog’s t 
and articles on other topics of interest concerning weathter 
and climate Theie will appear also brief explanation-S 
of many technical meteorological terms, and short articles 
on the dynamical, astronomical, or physical subjects that 
are indispensable for those who desire to follow in greater 
detail the recent progress of the study of weather 


Ohabts op the Distribution op Rain and Cloud in Cycdois-xc 
Depressions 

In amplification of th.e note on p 30 the reader’s attention is invite <31 
to the results of some attempts to combine the information abco-t 
weather from successive maps in ordei to obtain a correct view of 
what, on the whole, a cyclonic depression leally means tor the regioxis 
over which it passes Dor this pmpose maps have been constructed 
notable depressions in successive stages at intervals of 
hour or two hours during their travel over our islands, and out of tlxe 
whole set of maps for each depression a composite chart has been inacie 
by placing on one of the maps the proper symbols foi all the obserwe.- 
tions of blue sky, cloud or rain at the propei position with rtgai d> io 
the centre of the deprei^&wn at the times of the observation Tlie 
r^iUts ^e given in the four diagrams which follow The irregulamtiy 
of the shape of the ram area is very noteworthy, particularly m tlie 
case ot November 1916 
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OlS'lklBUllON OF RAIN AND CLOUD WllH REFERENCE TO THE CENTRE 
OF A QUICK»1 ravelling DEPREbSION ON MaROH 24-25, 1902 
(From the Life-history of Surface Air currents) 



The dark shading shows the “ram-area,” the lighter shadmg 
surrounding it the “ cloud-area ” The weather-shading must he dis 
tmguished from the contour shading which is shown over the land 
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DibTRIBUriON 01 RAIN AND CLOUD WITH REBERENOE lO IHE 
CENTRE OF THE DEPRESSION OP ^OVE]VIBER 12-H 1015 fSEE 
PiaieVII) ’ ^ 



Thp dark shading «hows the “i am areas,” the lighter shading- 
surrounding the t the ‘ cloud-area ” The weather shading must he 
distitignished from the contour-shading which is shown over the land 
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CO VIP HIDING 

CLIMATIC SUMMARIES 

POE 

LONDON (Kbw Observatory) , 

PARIS (Parc St Maur) , 

BALKAN PENINSULA (Philippopoli) , 
MESOPOTAMIA (Babvlon) , 

EGYPT (Hbowan Observatory) , 

EAST AFRICA (Dar bs Salam) , 

CHARTS op normals OP TEMPERATURE, SUNSHINE 
AND R VI \ PALL POR THE BRITISH ISLES, AND 
CLIMATIC DIAGRAMS REPRESENTING NORMAL 
HOURLY VALUES OP TEMPERATURE, PRESSURE, 
WIND-VELOCITY, RAINPALL AND HUMIDITY IN 
THE SEVERAL MONTHS OP THE YEAR AT POUR 
OBSERVATORIES OP THE METEOROLOGICAL OPPTCE 
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Climatic Summaries 

somm«ry to take account S eve. Tone of thomT”'”®'”*! 
pcjcaelj. to He eitent t.h.c™ft decM vS li T’ 

numoi.cal foreground „ by no mean, au eS^oM ““*° 

Means and Extremes Normals 

senes of monthl^y mra^n^°or°totaN^ prepare a 

those elements SraVU/etnted^ 
instrumental readings such ^ numerical or 

minimum temperature maximum and 

rainfall and suS^ Th.^ humidity, 

the set of readings for the^ i^mh® by taking 

and dividing by the number m^the^seL^ together 

pressTire,temperatureandhuTTiiH,+-rf V V 

veeul. .nay te^ J rS?r.S 'vlL-rC’^tS 
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lamfall as measured in millimetres oi inclies, and siui- 
shine as measuied by its duiation in horns, it is usual 
to give the mean monthly totals — a bad meteoiological habit 
really, because though theie are twelve months to the 
year, a calendar month is not the twelfth pait of a year, 
and the resultant figuies foi the months are not pioperly 
comparable Theie is, for example, among oui publica- 
tions a set of diagrams of the rainfall of London in the 
hundred years 1813-1912, the final diagiam shovs the 
mean monthly rainfall fot the whole period and in it 
February stands out, or more stiictly speaking, lecedes as 
the least lainy month of the whole yeai So it is, because 
there are only 28 days in February with an occasional 29, 
as against 31 for January and March on eithei side of it It 
IS not the least rainy peiiod of the yeai , and when allowance 
IS made tor the number of days of the month we anive at 
the inteiesting truth that a February da} is intermediate 
m its allowance of lamfall between a January day which 
has moie and a March day which has less 

Hence, though the months are convenient labels for 
diffeient parts of the year it is a mistake— albeit an almost 
universal one — to use them fOx monthl} totals for rainfall 
and sunshine At the Meteorological Office we have had 
the courage to break away from the habit m the case of 
sunshine, fortified by the consideration that so many 
“ hours a day ” of sunshine is a more suggestive figure 
than so many hours a month, but we have not yet had the 
courage, as we ought to have, to deal in the same way 
with rainfall 


Averages and Normals 

The word “ average ” borrowed from ancient shipping 
law, IS used to denote mean values for a sufficient number 
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endeavonied to avoid this disadvantage by giving the 
noimal values of means or tiequency of occurrence at 
fixed hours, 7 h , 13 h and 18 h of local mean time 

When we pass beyond means and extremes, the noimal 
monthly frequency of occurrence of occasions of definite 
importance as regards the various elements of weather 
seems to be the best guide to the climate of a region for 
anyone who is responsible lor the welfare of people who 
have to live there , and consequently the frequencies of 
rainfall in various forms, of temperature within certain 
limits, of wind-forces or barometric gradients, if possible, 
and if not, of wmd-directions , and of days with fogs 

It may shock some readers to find that in these tables 
the values of the meteorological elements are arianged 
according to metric units and that temperatuies are 
quoted to the so-called absolute scale of centigrade degrees, 
so that the freezing-point figures as 273a This goes a 
little beyond the province of the meteoiologist’s profes- 
sional memory, but memory is most useful if it can be 
arranged to make its application most effective If it is a 
mere question of memory, for example, whether it is now 
colder or hotter than it was years ago, any scale will serve, 
but to bring the facts into relation with the physical con- 
ditions and their changes, a suitable scale is of some 
importance 

To obviate any difiiculty, we give here a table of the 
equivalents of millibars and inches, degrees absolute, 
centigrade and Fahrenheit, millimeties and inches, metres 
per second and miles per hour 
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Table IV— Wind Velocity 
Miles pel Houi to Meti es pei Second 
1 mile pel liour=0 44704 metres pei second 
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Climatic Summary — Riclimond, Surrey — {Keiv Obse7 vatoi y) 

Lat Long 0°19W , Altitude 10 4 m 

1 P; ecipitation 
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The longest duration of recoided =^unshine was 15 7 hrs on 13tli June, 1887 



p(fl©Tic Summary —Pans (Pare St. Maur). 

Latitude 48°49'N , Longitude 2‘’29'E , Altitude 50 3 m , River datum 26 24 m 

1 Preci^ntaUon 
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Climatic Summary -Philippopoli 

Latitude 42°9'N , Longitude 24°46'li Altitude 160 m 

1 Precipitation 


J aniiary 
February 


June 

July 

August 

Septembi 

October 


Monthly 

Extremes 

of 

Rainfall 

Greatest 

Least 

mm 

mml 

155 

3 

96 

10 

65 

II 

117 

8 

90 

8 

201 

25 

96 

8 

102 

0 

100 

1 

89 

6 

121 

18 

84 

4 

860 

338 2 


year of precipitation within 
hxed limits 
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Number oi 
days of 


II years, 1900-10 


! Thunderstorm! 
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Phllippopoll —3 Wind 

Number of days in tlie mouth and j-ear of wind diiectioiis m 
quadrants at 7 h , 14 h , 21 h 



Calm 



North 

Fast 

South 

Wci^t 


7 

14 

21 

7 

14 

21 

7 

14 

21 

7 

14 

21 

7 

14 

21 

Jan 

7 

6 

10 

2 

5 

I 

5 

5 

6 

4 

2 

3 

13 

13 

II 

Feb 

5 

5 

10 

2 

2 

I 

7 

10 

6 

5 

3 

3 

9 

8 

8 

March 

6 

5 

9 

I 

3 

I 

10 

H 

10 

6 

3 

4 

8 

6 

7 

April 

7 

A. 

lO 

I 

4 

I 

8 

IS 

8 

5 

2 

4 

9 

5 

7 

May 

9 

H 

13 


4 

I 

6 

15 

6 

3 

3 

3 

II 

5 

8 

June j 

7 

5 

13 

3 

5 

3 

4 

9 

4 

4 

5 

3 

12 

6 

7 

July 

9 

6 

14 

3 

5 

2 

2 

II 

4 

4 

3 

6 

13 

6 

5 

Aug 

8 

4 

12 

I 

4 

2 

4 

12 

7 

6 

5 

5 

12 

6 

5 

Sept 

8 

4 

II 

I 

3 

2 

5 

15 

9 

7 

4 

4 

9 

4 

4 

Oct 

6 

7 

9 

2 

3 

I 

6 

9 

6 

6 

4 

5 

II 

8 

10 

Nov 

7 

S 

10 

I 

3 

I 

c 

0 

9 

7 

6 

5 

5 

8 

8 

7 

Dec 

7 

7 

8 

2 

5 

I 

6 

C 

6 

4 

3 

5 

12 

10 

II 

Year 

86 

t 

1 

72 

139 

21 

46 

17 

71 

130 

79 

60 

42 

50 

127 

85 

90 

Period | 

t 

6 ; 

1 

years, 1900 - ] 

['905 
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Ph-ilippopoll — i Humidity and Fog^ 


— 

Normal 

Vapour Pressure 

Normal relative 
Humidity 

No of days with 
fog 

At 

7h 

At 

14 h 

At 

21 h 

At 

71i 

At 

14 h 

At 

21 h 

i 

At 

7h 

At 

1411 

At 

21 h 


mb 

mb 

mb 

% 

o/o 

0/0 


f 


January 

4 

5 

5 

2 

4 

9 

85 

71 

81 

4 

2 

Tebruary 

5 

7 

6 

5 

6 

4 

87 

70 

81 

4 


I 

March. 

6 

5 

7 

3 

7 

3 

85 

6 o 

75 

3 

— 

1 

Z 

April 

8 

5 

9 

o 

9 

5 

8 o 

51 

69 


— 

— 

May 

12 

4 

12 

8 

13 

5 

79 

50 

70 

5 



June 

15 

5 

15 

6 

i 6 

4 

77 

50 

69 

5 

— 

— 

July 

i 6 

0 

i 6 

4 

i 6 

8 

71 

44 

60 

— 

— 


Angnst 

15 

5 

15 

7 

15 

7 

74 

41 

58 




September 

12 

8 

13 

7 

13 

6 

1 

8 i 

47 

67 

1 

— 

— 

October 

10 

4 

II 

9 

II 

5 

87 

58 

76 

2 



November 

7 

5 

8 

3 

8 

I 

87 

68 

83 

3 

I 

December 

6 

0 

6 

8 

e 

o 

87 

73 

83 

6 

I 

2 

Year 

10 

I 

10 

8 

10 

8 

82 

57 

73 

23 

2 

6 

Period 


1 

i; 

r yean 

3 , 190 C 

)-I0 




ULIMATIO SUMMABT.— Babylon. 
Latitude, 82°30'N , longitude, 44°20'E , altitude about 30 m 
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BabylAii - 



E^liemeb icuiiUed j 

Noimal inonchly 
extremes 


High 

Low 1 

Max 



Mm 


a 

a 

a 

a 

January 

297 

2b7 

294 

270 

February 

SOI 

270 

298 

272 

March 

308 

274 

304 

2)1 

April 

314 

00 

311 

381 

May 

319 

287 

S16 

288 

June 

322 

289 1 

319 

291 

July 

322 

289 

320 

394 

August 

323 

290 

320 

293 

September 

320 

CO 

319 

289 

October 

313 

28t 

312 

283 

November 

306 

270 

303 

275 

December 

300 

266 

2QG 

370 

The Year 

323 

266 

320 

270 







si years, June 1907 Deceiubei 1912 


Period 



Babylon — 3 Wind 


Number of days in the month and year of wind directions in 
quadrants at 7 n , 14 h and 20 h 30 m (noted in the table as 21) 


— 

Calm 


North 

East 

South 


West 



7 

14 

21 

7 

14 

21 

7 

14 

21 

7 

14 

’21 

7 

"'14 

21 

January 

0 

0 

2 

7 

II 

9 

5 

4 

7 

6 

6 

6 

13 

10 

7 

February 

I 

0 

I 

6 

10 

10 

6 

4 

7 

5 

6 

5 

10 

8 

5 

March 

I 

0 

2 

8 

II 

9 

6 

4 

7 

6 

7 

6 

10 

9 

7 

April 

I 

I 

2 

9 

II 

10 

5 

3 

8 

5 

5 

5 

10 

10 

5 

May 

I 

0 

2 

10 

12 

13 

5 

3 

6 

4 

5 

4 

II 

II 

6 

June 

0 

0 

2 

H 

16 

13 

I 

I 

2 

I 

2 

2 

14 

II 

II 

July 

0 

0 

2 

H 

16 

II 

I 

0 

2 

I 

I 

2 

15 

14 

14 

August 

0 

0 

3 

12 

15 

12 

I 

I 

2 

I 

I 

2 

17 

14 

12 

September 

I 

I 

4 

II 

14 

12 

2 

I 

3 

I 

2 

2 

16 

12 

9 

October 

I 

0 

4 

10 

13 

II 

4 

3 

5 

4 

5 

4 

12 

10 

7 

November 

2 

0 

3 

7 

12 

9 

4 

3 

5 

3 

4 

4 

14 

II 

9 

December 

I 

0 

3 

8 

12 

9 

3 

3 

5 

4 

5 

4 

15 

II 

10 

The Year 

9 

2 

3c 

116 

) 

153 

123 

43 

30 

ON 

vn 

41 

49 

46 

157 

131 

102 


5^ years, June, igoy-December, 1912 


Penod 
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Babylon 4 — Hximid%ty 


— 

Normal Vapour Pressure 

Normal Belative 
Humidity 

At 7b 

Atl4h . 

A.t20 61i 

At 7h 

AtUh , 

At20 51i 


mb 

mb 

mb 

% 

% 

% 

69 

January 

6 6 

7 4 

7 4 

84 

49 

Febxuary 

7 I 

7 2 

7 3 

73 

40 

53 

Maroli 

9 9 

8 0 

8 2 

66 

30 

44 

April 

II 5 

9 6 

10 3 

58 

27 

40 

iVlay 

13 9 

12 2 

12 5 

47 

22 

34 

Tune 

12 9 

10 9 

12 0 

36 

17 

26 

July 

13 0 

10 8 

12 8 

33 

13 

25 

August 

II 8 

10 5 

II 2 

32 

13 

22 

September 

10 7 

9 5 

10 O 

38 

13 

23 

October 

9 9 

9 9 

9 8 

49 

21 

34 

November 

8 6 

9 4 

9 6 

68 

34 

50 

December 

7 6 

8 7 

8 S 

84 

48 

68 

The Year 

10 3 

9 5 

10 0 

56 

27 

41 

Period 


si years 

June 190 

7— Decen 

iber 1912 
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Climatic BuMMAxtr Helwan, Egypt — 

Latitude, 29° 51' N , Longitude, dl° 20' B , Altitude, 116 7 m 

I Precipitation 


Montiily 

Extremes 

of 

Rainfall 


No of days of precipitation within 
fixed limits 


Jan 

Feb 

March 

April 

May 

June 

^July 

Aug 

Sept 

Oct 

No? 

Dec 

Year 


Period 


m 

<X) 
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■ 4 ^ 

U 1 

Ca 

<L> 

Trace 

Less than 

1 0 mm 

a 
a s 

go. 

r-H 

a 

t- ! 

ai 
a a 

1 

Above 

25 mm 

mm 

mm 







37 

I 4 

4 

I 

2 

t 

1 

— 


n 

2 

I 

1 

— 

1 

1 0 

— * 

25 

50 

0 

0 

2 

3 

k 

1 

1 

T 

1 

"i 0 

~ 


10 

0 

2 

— 

— 

1 

TI) 

- 


0 

0 

z 




__ 



0 

0 


— 

— 

— 

A. 
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13 

0 
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TO 
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19 
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TU 
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21 
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9 years, 1904-12 


Gauge 
3 eading 
of Nile 
at Roda 
(Cairo) 
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H 9 
14 6 

3 

14 o 

13 ‘S 

13 8 

14 4 

17 4 

18 9 

18 C) 

17 ^ 

15 6 
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302 
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300 

277 

2 


3 

3 

24 

i 
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309 

276 

304 

279 

I 

22 

8 

1 

28 

2 

A pill 


279 

311 

281 

— 

9 

21 

— 

21 

9 

May 

317 

28cj 

3*4 

285 

— 

i 

30 

— 

7 

24 

June 

3^9 

286 

3*5 

289 

— 

— 

30 

— 

1 

30 

July 

3*5 

289 

3*3 

291 

— 
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3 * 
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— 

31 

A U}? List 

313 

290 

^12 

292 
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1 * 
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3 * 
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287 

309 

290 
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30 


__ 

30 

Ociober 

3 H 

284 

309 

287 
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29 
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29 
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307 

279 

303 

282 

— 

[6 
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20 

to 
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302 

271 

297 

279 
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29 
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28 
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The Yeai 

319 

274 

315 

276 

II 

127 

229 

12 

IS 6 

198 


Pouod 
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Helwan. 3 —W%nd 


Number of days m the mouth aud year of v.m6, diiection in 
quadrants ai 3 8 h , 14 h , 20 h 



Calm 

North 

East 

South 

West 

8 14 20 

8 

14 

20 

8 

14 

20 

8 

14 20 

8 

14 20 

Jan 

o 

o 

8 

13 

15 

13 

4 

10 

8 

5 

4 

2 

9 

3 

Feb 

^ ° i 

4 

6 

12 

II 

2 

6 

9 

5 

5 

3 

15 

5 

March 

O 

« 

o 

o 

13 

15 

i6 

II 

5 

10 

5 

3 

3 

2 

8 

2 

April 

o 

o 

14 

14 

l8 

6 

4 

10 

6 

3 

2 

4 

10 

I 

May 

* » » 

i8 

19 

i8 

6 

3 

10 

3 

2 

I 

4 

7 

2 

June 

' i 0 

i6 

19 

22 

8 

3 

7 

2 

h 

0 

3 

7 

2 

July 1 

o 

o 

24 

23 

27 

3 

I 

I 

i 

0 

0 

3 

7 

3 

Aug 

^ ° o 

25 

22 

29 

2 

I 

I 

0 

0 


4 

8 

I 

Sept 


22 

24 

26 

5 

2 

4 

0 

0 

0 

2 

5 

0 

Oct 

o 

o 

o 

l6 

25 

21 

II 

4 

10 

I 

0 

0 

3 

2 

c 

Nov 

o 

o 

o 

II 

12 

i6 

12 

4 

8 

6 

5 

4 

I 

9 

2 

Dec 

o 

o 

o 

8 

9 

12 

12 

2 

10 

10 

8 

5 

2 

12 

4 

Year 

^ X 

'79 201 

232 

100 

35 

87 

51 

32 

25 

33 

99 

25 

Period 


1 

3 

years, 1906-1 

908 
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Extxeiues 
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Monthly 

Extremes 

Nunibei ot day 3 m mouth 
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mm between fixed limits 


lecorded 

Maximum 

Minimum 
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0 Ci 
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•f 

&D 
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0 

M 

eg 
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1 1 

cC 
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J anuary 
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Bi 
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31 

15 

16 

February 
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304 

■295 
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17 

II 
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Bar es Salam, East Africa.— 3 W%nd 


No of days in tlie month, and year of wind-diiection in 
quadrants at 7 h , 14 h , 21 h 
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7 14 21 


Jan 

?eh 

March 

April 

May 

June 

July 

Aug 

Sept 

Got 

Hov 

Dec 


Year 


28 


15 

H 

8 

1 

o 

o 

o 

o 

o 

o 

2 


17 
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Dar es Salam, East Africa —i Humidity and iog 



Normal Vapour 
Piessure 

Noimal Relative 
Humidity 

Ko c± 
days 
■with 
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rH 
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{M 

•P 

<1 

t- 
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S 

3 

log 


mb 

mb 

mb 
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«5 
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January 

28 5 
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74 

82 

81 
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February 

27 9 

29 2 

28 9 

86 
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29 6 

29 3 
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74 
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2 
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April 
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28 5 

28 3 
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90 

88 
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0 
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90 
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12 years 
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NOTES ON THE CLIMATOLOGICAL TABLES 

1 In table 1, for each station, the hgmes set against 
^•^The Year” at the foot of the columns foi Monthly 
extremes of Rainfall” give the gieatest and least of the 
totals for the several years ot the period indicated 

2 In tables 3 for Kew and Paris (see pages 66 and 
70), the figures headed ‘‘No ot gradients at 7 a m ” wei e 
obtained by measurements ot the steepness ofc the baio 
metric gradient on daily synoptic Charts The results 
given in the tables show, therefore, the prevalence of 
GBOSTROPHIO Winds, computed Iiom the gradient with- 
out any allowance for the ciirvatnie of the path of the 
an They are geneially m good agreemonfc with the 
actual winds blowing at a height of about 1500 feet above 
the surface of the ground Owing to land fiiction, the 
prevalence of surface winds of the strengths indicated by 
the gradients would be appreciably smaller than is shown 
by the figures in the tables 


CLIMATIC CHARTS 

The eight charts which follow are reproduced from the 
book of normals of the British stations of the Meteoio- 
logical Office to show the general climatic conditions of 
the various parts of the British Isles in winter and 
summer 
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Climatic Diagram No 
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Climatic Diagbam No 



Mean Barometnc Pressure at K6Ctl for 40 Vear5,16Tl •'1910 
loopletbs 5 bov)i-i 2 (| -Seasonal and Dturnol Vanalion 

Values are for Station leveV Height aboveKeangegLgja^^ 


Olimatio Dia&bam No. 


94 



Vehclt^ olUlmAaXmeWe.m for SOVeara I88M910 
-^soplgths showt T2g 5 cxisonat <jnd Dvurnal Vartottorz 

~M Aberdeen fhc vtloufii 0 / fhe Recorded Wind bears lb the 0605(^1*, c W.nd a mean mRo of 252pa-cenf 
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Normal Hourly Ratnfall at KlEXll for 40 qcars , 1871^1310.^ 
Isoplelbs shownTg Seasonal and JDuirnal Vartatvon «r 
Height of Station. aloveMeanSeaLevel, lOi metres 
Ttifc dosed curves surn^nding a maxireum art marked X , thosa surrounding a minimum, N 
















Olimatio Diagram No 12 



JANUARY 


Climatic Diagram No 13 
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16600 


D 


Mean Relative Humtdttij[ at VALENCIA S5 years 1886-'J910 

Isopleths showing Seasonal and Dtumal Variation 




OlilMATIO DiAaRAM NO 14 
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Mean Relative Hamvdttij at FALMOUTH forZSyeare m'i%0 
Isopleths gUovJmg Seasonal and Dturnal Variation 









Climatic Diagram 
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Mean R.clahVe‘Humidvttj at KGtH for 25 years 1886'^1910 
Isopteths showing Seasonal and DttunalVaTmtion 
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INDEX TO THE 'JEATHER MAP, AN INTRODUC- 
TION TO MODERN METEOROLOGY 


Subject 

Air, Upper 
Aircraft 
Aneroid 
An er Old ograph 
Antarctic 
Anticyclone 
Arctic 
Argon . 

Atmosphere 
Atmospheric Pressure 
Auroras 
Averages 


89, 94, 100 
19 

16, 18, 30, 21, 44 to 48 
3,4 
23 
23 
28 

33, 34, 36 
28 
16 

15, 16 
21 to 26 
18 
49 


B. 

Babylon — Climatic Summary 

Backing 

BallOns-Sondes 

Balloons 

Bar 

Barogram 

Barograph 

Barometer 

Barometric Tendency 

Beanfort NotatioD (of Weathert 

Beaufort Scale (of Wind) 

Buys Ballot’s Law 


76 to 79 
42, 43 
46 

45,^47, 48 
24 
23 

23, 42 
23, 24, 26 
41, 42 
10 

13, 14 
26 
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C. 


Subject 

Oa.lnib 

Oairbomo Acid Gas 
Chiistmas, 1915 (Gale o±) 

Climate 
Climatic Chart 
Do Diagrams 
Do Summaries 
Clouda 
Combustion 

Communications (of Reports) 

Compass 

Condensation 

Corrections of Barometric Readings 
Cyclone {See also Depression ) 


Pages 

28 

16 

36 (Plate VIII ) 
6, 20 
6 

89 to 103 
56 to 88 
11, 17, 18 
16 
9 

12 

17 

25 

33, 35 to 44 


D. 


Daily Reports of Weather 9 

Dar es Salam (East Africa) — Climatic Summary 84 to 87 

Depression (Cyclonic) 33, 35 to 44 

Dew . TO 

Distribution (of Pressure) 26 (Plate IV), 30, 33, 34, 42, 43 

Do (of Temperature) 20 (Plate III ) 

Do (of Weather) 1 1 (Plate I ) 

Do (.olWind) 16 (Plate II) 

Diurnal Variation (of Temperature, Pressure, &c ) 20 

Drought 3 

Dynamics and Physics of Atmosphere 44 to 49 


XS. 

Equalization of Pressure 23 

Equator 27 

Equatorial Region 27 

Evaporation 

Expeditions (affected by Weather) ^ 
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Index 


P. 


Subject 

Falmouth Observatory— Climatic Dia^iams 
Fluids ® 

Forecasts (Meteorological) 

Freezing Point 


,, of Mercury (at great heights) 
Frequency (of Rainfall, Snow, Fog, &o) 


Pages 
91, 96, 102 
21, 22 
6, 7, 41 to 44 
19, 20 
21 
6 


6 . 


Gale 

Gale of Christmas, 1915 
Gusts 


30 

36 (Plate VIII ) 
22 


Helwm (Egypt)— Chmatac Summarv 
Hemisphere (North aad South) 

High . 

Hoar Frost 

Humidity * 

Hydrogen 


80 to 83 
27, 28 
33, 34 
10 

19, 20 
18 


Z. 


Icebergs 

Index Error (Barometnc) 
Isobars 

Bo (Groups of) 


17 

25 

25, 26, 28, 29, 35 
. 32 33, 43, 44 
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J, K, Xi. 


Subject 

Kew Observatory (^See Eicbmond, Surrey ) 
Legends (of Barometer) 

Level 

Low 


8, 9, 11,26, 32, 33 to 44 
21, 24 

11 iAho Plates Y , YII , & Till ) 
3,4 

24, 29, 30, 33, 42 


Maps (use of, &c ) 

Means 

Mercury 

Meteorological Symbols 
Meteors . 

Military Operations 
Millibar 


Pages 

30, 31 
22, 26 
33, 36 to 43 


N 


Normals 


49 


O. 


Organization (of Meteorological Work) 

Orientation 16 

Oxygen 
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Index 


Subject 

^‘^'““^"oS’oreoasta) 

Do Distribution 
Prevailing Winds 


Pages 
68 to 71 
72 to 75 
27 


25 to 30, 


6,6 
21 to 29 
35, 34, 42, 43 
6 


TV K 

Padiation 

Ram X8 

»' « T»v.u.., D.p». A"' ‘fe'S It 
0 ^. ., 10 , » 

Climatic Diagrams 92, 93, 97 , 
99, 103 


Sea Level 
Seasonal Variation 
Sequence of WeatRer 
ShepWd of Banbury 
Snow 

StratospRere . 

Sun .. 

Surface Wmds 


25 

20 

31,32 

7 

10, 17, 18 
46 to 48 
17,18 
27 to 30 


Temperature 
TRermometer 
TRunderstorms 
Track of Bepresaon 
Trade Wm^ . 


Travel of Bepressions 
Troposphere 


T. 


19. 20, 21, 34, 46 
19 

3, 18, 34 
36 to 43 
28 

« 36 to 43 
18, 46 to 48 



Index 


109 


tJ, V. 


Subject 

Upper Air (^See An ) 

Valencia Observatory — Climatic Diagrams 
Veei mg (of Wind) 


Pages 

90, 95, 98, 101 
42, 18 


W. 


Water Atmospliere 
Do Vapour 
Weather Maxims 
Do Records 

Do Reports {See Reports ) 
Winds 


21 

17, 18 
7 

6, fe 

12 to 15, 21, 22 25, 28 
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CHARTS 

SHOWING THE 

Normal Distribution over the British Isles 

IN 

JANUARY AND JULY 

OF 

DAY AND NIGHT TEMPERATURE 
(Reduced to Sea-Level), 

DAILY DURATION OF BRIGHT SUNSHINE 

AND 

AMOUNT OF RAINFALL. 

THe data upon which the Charts are based are published 
in M.O Pubhcation 214a, App IV For final maps of 
the nortnal distribution of rainfall and sunshme, records 
(rPm a much larger number of stations are desirable. 



Nomal Distribution for JANUARY of Air 

The isothems ate shown for intervals of TF The corresponding 















Temperature, reduced to Sea Level. 

values on the Absolute Scale are gxven m the xnset tables 







of Bngrht Sunshine and Bainfall. 




CLIMATIC DIAGRAMS 


^y means 

of mpletH the normal values of temperaburej pressure, 
rainfall, relative humidity at each hour of 
the day, in ea^ month of the year, at certain obser- 
vaton^ m the British Isles. 
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LIST OF ABBREVIATIONS 


Por Tinits or system e of units 

P P IS equivalent to foot pound second system of units 
^ ^ ^ )> }} oentimeti e-gramme second system of units 

^ T IJ ,, Biitish Theimal units 

The following are also used — 


For the Abbrevia- 

expiession of tion Meaning 


Angle 

o / // 

Degrees, minutes, seconds of arc 

Density 

g/m3 

g/oc 

Ib/cu ft 

Grammes per cubic metre 

Grammes per cubic centimetre 

Pounds per cubic foot 

Lengub 

mm. 

cm 

m 

k 1 

Millimetie 

Centimetre 

Metie 

Kilometre 

Mass 

g 

Gramme 

" 


Kilogramme 

Pressure 

mb 

Millibar 


cb 

Centibar 


Temperature 


Velocity 


Volume 


Absolute scale of temperature * 
Centigrade scale of temperature 
Fabrenbeit scale of temperatuie 

Meties per second 
Miles per hour 

Cubic centimetre 
Cubic metre 


reu resent a unit or degree of 
M F 0 ^ absolute scale For an mcerval of temperature la is the 


s 


METEOROLOGICAL GLOSSARY. 


Table op Contejjts 

The entiles maiked (I) aie also referred to in The 
WeaiJm Mai) ^ ^ ) 


Page 


Absolute Extienaes 12 

Absolute Humidity 290 

Absolute Temperatuie 12 

Accumulated Temper- 293 

ature 

Actinometer 14 

Adiabatic 15 

Aerology 16 

Aeroplane Weather 16 

All (1) , 19 

Air-Metei 20 

All ship Weather 20 

Altimeter 27 

Altitude 28 

Alto-cumulus 28 

Alto-stiatus 28 

Anabatic 29 

Anemobiagraph 29 

Anemogram 29 

Anemogiaph 29 

Anemometer 29 

Anemoscope 29 

(13204r— 12) Wt 26779—464 


Page 


Aneroid barometer 

30 

Aneroidograph 

30 

Anthelion 

30 

Anticj clone (I) 

30 

Aqueous-vapour 

31 

Atmosphere (I) 

33 

Atmospheric Electri- 294 

city. 


Audibility 

33 

Auf eoie 

36 

Aurora 

298 

Autumn 

... 36 

Aveiage 

.. 37 

Azimuth 

37 

Backing 

37 

Ballon sonde 

39 

Balloon Kite 

42 

Bar 

43 

Bai ogram 

43 

Barograph 

. 43 

Baiometer 

43 


7000 3/18 D & S (*9 ) G* 3 
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Qlosmry 


Barometric Tendency 

Beaufort Notation (J_; 

Beaufort Scale (I) 

Bishop’s Ring. 

Blizzard 

Bine of the Sky 

Boiling Points 

Bora 

Breeze . 

Brontonreter 

Baoyanoy 

Bays Ballot’s Law tij 

C.G.S. 

Calm 
Calorie . 

Celsras . 

Centibar ... [ 

Centigrade 

Centimetre 

Cirro-camnlns 

Curro-stratns 

Cirrtis . . 

Olirmite 
Climatic Chart 
Climatology 
Clouds ... 

Cloud Burst . . 
Clouds, Weight of 
Col 

Compass " ] 
Component . . 


Page 

44 

Condensation 

44 

Conduction 

45 

Contingency 

. 46 

Convection 

. 46 

Corona 

. 46 

Coriection 

300 

Correlation 

. 47 

Coi relation Ratio 

. 48 

Cosecant 

49 

Cosme 

49 

Cotangent 

57 

Counter Sun 

57 

Cumulo stratus 
Cumulus 

57 

Cyclone (I) 

301 

57 

Cyclostropliic 

58 

Damp Air 

58 

Day Breeze 

58 

Debacle 

58 

Dekad 

58 

Density 

58 

Depression 

58 

Dew 

59 

Dew-point 

60 

Diathermancy 

60 

Diffraction 

67 1 

Diffusion 

67 1 

Diurnal 

f i 

Doldrums 

68 

Drought 

od 1 BryAir 


Page 

70 

71 
302 

71 

71 

72 
74 

302 

7C 

70 

70 

76 

77 
77 
77 
77 

77 

77 

77 

78 
78 
82 
82 
82 
82 

83 

84 

85 
88 
88 
88 
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Page 


Brj^ Bulb 

— o 

88 

Duration of Rainfall 303 

Dust 

304 

Dust-counter 

305 

Dynamics 

89 

Dynamic Cooling 

89 

Earth Thermometei 89 

Eddy 

89 

Electiification ot Watei- 337 

drops 


Electrometei 

91 

Energy 

92 

Entropy 

94 

Equation of Time 

100 

Equator 

100 

Equatorial 

101 

Equilibrium 

102 

Equinox 

103 

Error 

104 

Evaporation 

. 106 

Expansion 

109 

Exposure 

109 

Extremes 

110 

Fahrenheit 

110 

Fall 

111 

False Cirrus 

306 

Fluid 

111 

Fog 

112 

Fog Bow 

116 

Fohn 

115 


Forecast 
Freezing 
Frequency 
Friction 
Fj ost 

Gale 

Gale Warning 
Gas 

Geosti opkic 

Glaciei 

Glazed Frost 

Gloiy 

Gradient 

Gradient Wind 

Gramme 

Grass Temperature 
Gravity 
Great Circle 
Gulf Stream 
Gust 

Gustiness 

Hail 

Halo 

Harmattan 

Haimonic Anal>sis 

Haze 

Heat 

High (I) 

Hoai Frost 
Horizontal 


Page 

117 

118 
118 
122 
123 

121 
- 128 
129 
129 

307 

129 
J3() 

130 

131 

138 

139 

308 

139 
. 139 

140 
. 142 

142 

143 
145 
311 
145 
145 

. 152 
152 
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(j^lossary. 


Horse Latitudes 
Humidity (I) 
Hurncane 
H^ drometer 
Hydrospheie 
Hyetograph. 
Hygrograph . . 
Hygrometer . 
H^groscope , 
Hypsometer 

Ice 

Iceberg 

Incandescence 

Index 

Index Error 
Insolation 
Inversion 
i Ion 
Ionisation 
Iridescence 
Insation 
Isabnormals 
Isanomalies 
Isentropic 
Iso 

Isobars 

Isohels "I 

Isohyets 1 

Isopleths f Iso 

Isotherm J 

Isothermal 


Page 

153 

154 

155 
J58 
158 
158 

158 
. 159 

159 

160 

321 
161 
161 
162 
162 
162 
103 
164 

322 
166 
166 
166 
166 

167 

168 
168 


181 


Katahatic 182 

Khamsin 182 

Kilometre I sit 

Lake ii 

irdncl Breeze . 1 ?S 3 

Lapse . . 183 

Lenticular 1 

Level • IS 

Lightning . . i 86 

,, Protection against 324 
Line Squall 188 

Liquid . 189 

I^ow(I) 189 

Lunar 1^,9 


Mackerel F^ky 
Magnetic Needle 
Magnetism 
Mammato-Cnmulus 

Mares’ Tails 

Maximum 

Mean 

Meniscus 

Mercury 

Meteor 


Microbarograph 

Millibar 

Millimetre 

Minimum 


Meteorograph 

Meteoroloffv 

Metie 


190 

190 

327 

190 

191 
191 
191 

191 

192 

192 

193 
193 
193 

193 

194 

195 
195 
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Mirage 

Page 
. 195 

Mist 

]96 

Mistral . 

- 197 

Mock Sun 

197 

Mock Sun Ring 

197 

Monsoon 

197 

Moon 

198 

Nadir 

198 

Nephoscope ... 

.. 198 

Nimbus 

.. 19S 

Normal 

.. 198 

Observer 

. 203 

Ombrometer . . 

203 

Orientation 

203 

Orographic Ram 

203 

Ozone 

. 204 

Pampero 

204 

Paranthelion 

204 

Paraselenae 

.. 204 

Paihelia 

. 204 

Pentad 

. 205 

Periodical 

205 

Persistence 

206 

Persistent Ram 

206 

Phases of the Moon 

208 

Phenology 

210 

Pilot-balloon 

210 

Plnviograph 

211 

Pluviometer 

212 


Page 

Pocky cloud . 212 

Polar 212 

Pole 212 

Potenhal 213 

Potential Tempera tme 213 
Precipitation 329 

Pressuie 213 

Prevailing winds 213 

Probability 214 

Prognostics . , 215 

Psychrometer . . 216 

Pumpimy . 216 

Purple Light . 217 

Pyrheliometer 217 

Radiation . 330 

Pam 217 

Kainband . 218 

Rainbow . . 218 

Rainday . , 219 

Raindrops, size of, &c 334 

Rainfall . , .219 

Rainfall, duiation of 303 

Ramgauge 219 

Ram-spell 219 

Reaumur 219 

Reduction 220 

Reduction to Sea Level 220 
Refi action , 222 

Registering balloon 223 

Regi ession-equation 339 

Relative humidity 223 

Reversal 224 
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225 

Rime 

225 

River 

225 

Roaring Forties 

226 

St Elmo’s Fire 

226 

Saturation 

. 226 

Scotch Mist 

340 

Screen 

226 

Scud 

22b 

Sea-hieeze 

227 

Sea-level 

227 

Seasons 

227 

Secant 

231 

Secondary 

231 

Seismograph 

231 

Serein 

2.31 

Shamal 

231 
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Sliver Thaw 

235 

Simoon 

235 

Sme 

235 

Sme curve 

236 

Sirocco 

237 

Sleet 

237 

Snow 

237 

Snow crystals . 

237 

Soft hail 

343 
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... 237 

Solar Day 
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Solarisation 
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Stratus 241 

Summer 941 

241 
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table op costents of the weather map 

AH' INTRODtrCTlON TO THE GLOSSARY 
(A (Hi) issued as a separate lohme ) 


Metewology aii(3 Military Operations 

Weather Records end Climate 
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Containing ine'orma'iion in explanation op 

TECHNICAL MBTEOUOLOGrlCAL TERMS 


Details as to the use of meteoiological instruments are 
given m the Olserver's Handhool, and as to the numerical 
computations in the Gomputer'i Handbook, to both of 
which reference is made in the Glossary when requiied 

In accoidance ivith the practice of the Oxford Diction- 
ary the initial word of each article is in black type, and 
words in the body of the text aio printed in small capitals 
when they aie the subjects of articles in another part of 
the glo'-sary 

For the articles in this glossary I am piincipallv 
indebted to the Staff of the Obseivatoiy at Benson, 
^ ^ ^ S - and E V Newnham, B Sc , and of the 

Branch Office at South Farnboiough, Captain C J P 
Cave, E E , and R A Watson Watt, B Sc , with Major Taylor, 
Professor of Meteorology, RFC, and to the staff of the 
Toiecast Division, especially F J Biodie E L Hawke, 
BA, and Second Lieutenant T Hams, RE, who have 
passed the MS through the press, and W Hayes who 
prepared many of the illustrations 

The revision of the work for the present fourth issue 
has been carried out by Dr C Chiee,F R S , Superintendent 
of the Obseivitory, Richmond Some new ai tides have 
been added at the end of the volume, pp 2'J0-3r)4 


Meteorological Office, 

26 October, 1917. 


Napier Shaw 
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-A-lbsoluto ExtyGiTipQ i 

used with reference to temneiatiirfi'?^,! extieme is often 

and lowest temperatures “SS at I n? 

in the course of tune As thp aUc! j. station 

summansed for a yeai geneially 

mean the highest Ld’loJp^t f come to 

When the survey is taken o-vrc. ^ yeai 

20 years, 35 years or 900 -tm ^ peiiod^ 10 years 
of the observations The hn?e!i?°°??® *° duration 

observed duimg the who^e^imo?*^ ^ temperatures 
extremes The journalistm absolute 

310 8.' raw iTiz'z “r, “?• »«. 

329 7a , (134° F ) , lowest 203^® 

Upper Air, lowest 1821a, (- 131 6° p^^ \ \ 

1d-|- km. over Java ^ j at a height of 

•A.hsoliit6 Tcmneratiirp + 

called the temperature on thn propeily 

The aLlute scie IS 

about the pioduction of mechaninfli^^^^f*^ leasoning 
of heat (-which is the snemal at the expense 

theimodynamics, see BNTR0l>Y?bu7?® of the science of 
tbe scale maybe taken as fdenbcaV????''^^ 
the change of volume and i?! ^ ’^^sed on 

^anent gases with heS C T P®^- 

airnmg at the highest demee Purposes 

»»1* .« ».ea, b«. f„, a, 



Absolute Temperature 13 

reckoning the differences of behaviour of the permanent 
gases, H} drogen, Oxygen, Nitrogen are unimportant In 
physical calculations for meteorological purposes the 
Absolute is xhe natural scale , the densities of an at any 
two temperatures on the absolute scale are inversely 
pioportional to the temperatuies Thus the common 
formula for a gas, 

P — 

P (273 + i) pq (273 + Iq) 

where ^ IS the pressure, p the density and t the tempera- 
ture Centigrade of the gas at one time, p^, to the corre- 
sponding values at anothei, becomes 

JL — 
pT - 

where T and To are the temperatures on the absolute centi- 
giade scale Its most important featuie for practical meteor- 
ology is that from its delimtion theie can be no negative 
temperatures d he zero of the absolute scale is the tempera- 
ture at which all that we call heat would have been spent 
In the centigrade scale all temperatures below the freezing 
point of water have to be prefixed by the negative sign — ■ 
This IS very inconvenient, especially foi recording obser- 
vations in the upper air, which nevei gives tampeiatuies 
above the freezing point in our latitudes at much above 
4 kilometres (13,000 feet), and often gives temperatures 
below the freezing point neaiei the suiface 

The absolute temperature comes into meteoiology m 
othei ways , toi example, the late at which heat goes out 
into space fiom the eaith depends, accoiding to Stefan’s 
Law, upon the fourth powei of the absolute temperature 
of the radiant substance See Kadiation 



Glossa? 1/ 

scaW^SrenL!t decrees of absolute 

mately 45 below the F^KhS^o 

t^ir equm “nts m cES S Fah^en wS 


-*-xxc! DOlin 

# helium 
The boiln 
nitrogen 
The fieezing point of 
naercuiy 

The freezing point of 
water 

The mean tempeiatnie 
01 London 

“ Temperate ” as shown 
on an ordinary thei 
monieter 

The best temperature 
lor a living room 
A hot summer day 


Centigrade 

_L “ 

J— “IJ 

• 4 

—269 

77 

“I96 

234 2 

“38 8 

273 

0 

282 7 

9 7 

285 8 

12 8 

290 

17 

300 

27 

310 

37 

6,000 

— 


Tahrenbeit 


af 


“452 2 
“320 8 
“37 8 
32 

49 5 
55 

62 6 


7 2 

138 6 

421 6 
491 4 
508 9 
514 4 

S22 o 


MacheWs ActmTmeter {TZ In 

element consisla of two stops of dS®’ essential 

togetner. These are heated bv ^ fixed 

aWb, .n., a, 
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from their unequal expansion is a measure of the rate at 
which they are receiving ladiam energy. 

Adl&l)3.tlC The woid which is applied in the science 
of thermodjuamics to the coiiespondiiig changes which 
may take place in the piessure and density of a substance 
when no heat can be communicated to it or withdrawn 
from it 

In ordinary life we aie accustomed to consider that 
when the tempeiaiure of a body uses it is because it takes 
in hiCkt from a fire, from the sun or from some other 
souice, but in the science of theimodvnamics it is found 
to be best to consider the changes which occur when a sub- 
stance IS compressed or expanded without any possibility 
ot heat getting to it or away from it In the atmosphere 
such a state of things is practically realised in the interioi of 
a mass of air which is using to a position of lower pres- 
sure, or sinking to one of higher pressuie There is, in 
consequence, a change of temperature which is called 
mechanical oi dynamical, and which must be regarded as 
one of the most vital of meteorological phenomena because 
It accounts largely for the lormation and disappearance of 
cloud, and probably foi the whole of our rainfall 
Tyndall illustrated the change of temperature due to 
sudden compression by pushing in the piston of a closed 
glass syringe and thus igniting a piece of tinder in the 
syringe The healing ot a bicycle pump is a common 
experience due to the same cause * On the other hand 
the refrigeiation of an is often obtained simply by ex- 
pansion, particularly m the free atmosphere 

Dangerous heating may re>'ult on firing a gun from the sudden 
oompreahion of gas within the bursting charge ot the shell it there 
9.re cav ities in the explosive theiem 
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of temperature of a substance 
suppose the^ZTr.ef alone, we have to 

-pU^abrt^o SerromT\?t^o£ 

t^ perature ther ebv^rXced\rrry JatfofeSpi:^ 

J’or adiabatic change of pressure 
decreasing from looo mb by 


nib 

10 

lOO 

200 

300 

400 

soo 

600 

700 

800 

900 


01 


30 


in 
o 3, 

^ 95 
5 91 
8 86 
II 81 
14 77 

17 72 

20 67 
23 62 
26*58 


The fall of temperature from 
290a, 62 6° F , IS 


"0 

o 7 
18 2 

28 4 

39 9 
52 8 
67 6 

108 1 
141 3 


or 


°F 

I 6 


15 

32 

51 

71 

95 

121 

153 

194 

254 


which IS concerned with the studv ^ +f 

Some of the results aie fi-iven oppei air 

PILOT-BALLOON ^ BALLON-SONDE and 

wind The only Snditmn? Jlf 

for a good p.,„t to fi, a .ooiero aotSaL'lnTw 
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Diagram showing the pressure in the upper air corresponding with the 
standard pressure (1013 2 mb ) at the surface and adiabatic lines for 
saturated air referred to height and temperature (From Neuhoff 
bmith-^onian xMiscellaneous Collections, Vol 51, No 4, 1910) 



The pressure is shown by full lines crossing the diagram and the adia 
aSJtTsciS" Temperatures aie gi\en in the 


The short full lines between the ground and the 
show the direction of the adiabatic lines for dry air 


level of 


1,000 metres 
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GALE or a FOG On the othei hand many weather con- 
ditions may prevent useful work fiom being done by an 
aeioplane when it is in the air The weathei aftects 
mvihan and milita,ry flying m quite different wavs 
When testing aeioplanes, with a view to Imding then 
rate of climb, top speed when flying level, landing speed 
or other aerodynamical quantities it is usually necessary 
to choose a calm daj, when eddies, oi huge ascending oi 
descending cuiients, oi othei conditions pieiiidieial to 
.accurate testing, aie unlikely to occni 

In flying aeioss country the duel dangei w that the 
engine will stop when the aeroplane is oier ground on 
which it IS impossible to land WJien the engine has 
stopped the aeroplane must come down soinewheie in- 
side a circle whose ladius is about equal to flve times the 
height of the aeioplane above the gioiind An aeioplam' 
flying at a height of one mile will have an area of ciboiit 
75 square miles in -which it may choose its landing gioiind 
whi e at a height of 2,000 feet on a calm day th “machine 
has less than 12 square miles to choose liom 

In England it is almost always possible to pick out a 
possible landing ground in a circle containing 75 square 
miles , hut It IS frequently impossible to do so in an a?ea of 
12 square miles ior this reason clouds below 6,000 feet 

nf ® cross-countiy flymg, and 

the lower they aie the moie dangerous they become 

in flying undei wai conditions eddies and veitical 
currents are almost immaterial provided they are not so 
’?■* T observations On the other hand 

low clouds make observations over an enemy’s hues almost 
impossible owing to the accuiacy of modem anti-aSt 
guns Detached clouds impede, but do not put a stop to 
reconnaissance On daj s when the clouds a! e too Sw to 
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peimit of tactical reconnaissance over an enemy’s lines, 
artillery reconnaissance is frequently possible from over 
the home lines On calm days a ground haze frequently 
makes it impossible to carry out useful reconnaissance, 
and on these occasions the direction of the sun is an 
important factor At a time of day -when the sun is 
behind the enemy it may be impossible to observe them 
except from behind then lines 

The effects described above of varying atmospheric con- 
ditions on flying lead to the following general conclusions 
Anticyclonic conditions are, in general, better than 
cyclonic conditions 

Successful flying is more likely to be possible when the 
barometer is rising than when it is falling, because the 
clouds are likely to be higher and more detached in the 
former case than in the latter 

Easterly and North Easterly winds are unpomfortable 
for flying in England because the “bumps” are more 
violent and extend to a greater height m these winds than 
in Westerly winds 

The early morning and the evening are the best times 
for civilian flying, because the air near the ground is 
less bumpy then than it is m the middle of the day 
During prolonged periods of calm weither a haze is apt 
to collect m the lower atmosphere which is liable to make 
it impossible to observe objects on the giound from a 
height of ^>,000 or 6,000 feet 

So far only the effect, on the flight of aeropldnes, of 
variations from the normal atmospheric conditions have 
been discussed, but the normal conditions themselves 
vary in different parts of the atmosphei e The pressure, 
temperature and density of the air vary both with height 
and with position on the earth’s surface 
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The performance of an aeroplane and the horse-power 
of its engine depend, howevei, almost entirely on the 
density of the air, and only on its temperature and 
pressure in so far as the density is affected by them It is 
found that the late of revolution of an aeroplane engine 
when climbing with its throttle fully opened is practically 
constant Its hoi se-power is therefore roughly proportional 
to the amount of petrol-mixture taken into the cylinder 
each time it is filled This is evidently propoitional to 
the density of the an, hence the horse-power ot the engine 
on which the perfoimance depends isioughlj proportional 
to the atmospheiic density The density ot the air is 
propoitional to its pressure and inversely proportional 
to its absolute temperature At a normal piessure of 

1.000 mb , therefore, a difference of 1°C in the temperature 
of the air makes a difference ot about m its density 
This is equal to the change in density corresponding with 
a change in height of 110 feet If therefore an aeroplane 
IS tested at a time when the temperature is 9°C higher 
than the average, it should have the same performance 
near the ground that it would have at a height of 1,000 
feet on a normal day 

The same reasoning applies to changes in barometric 
pressure, a variation in barometric piessure of dO mb from ’ 
the normal being equivalent to a change in height of 
910 feet By choosing a day when the barometer is high 
and the tempeiature low an aeroplane may be able to rise 

2.000 feet or moie higher than it could on a noimal day 

A-ir — The mixtuie of gases which forms the atmo- 
sphere An account ot its composition is given in the 
introduction Air always canies some dust and often, in 
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the upper regions, collections of water globules which are 
cailed clouds , in meteorology the dust is regarded as an 
impurity, and the clouds as an addition to the air, not 
pan ot It The dust, though an impurity, is important, as 
It makes the formation of cloud and rain possible when- 

DBW po ^ of ail gets below the 


name given to an apparatus designed 
to measure the flow of air It consists of a light wheel 
wi mclined vanes carried by the spokes, and a set of 
counting dials to show the numbei of revolutions of the 
w eel Its accuracy can be tested on a whirling table 

portable foim of aneMO- 
Mbtbb, Its box not being more than four inches each way 
cut It cannot be used with success bj a careless observer 


Airsllip-weath.er. — Favouralle weather — The most 
favourable conditions for airships are calms or light airs, 
with good seeing from above, extending over the whole 
area to be traversed, and persistent for the whole period, say 

clouds may be an advantage, but 
precipitation, whether in the form of ram, snow or hail 

Tna Ifirn *^®, The favourable conditions 

thus defined are characteristic of the cential part of an area 

pressure which, in technical language, 
he £hX. operating Icrfss 

b7fav?ieW« ?r “meteorological conditions will 

be tovourable when the barometer readings at Helder 

in^XS t^eee at suiroundl 

places named will then be 
m the central region of an anticyclone, cf Fig 3, p 25 

the **^® Piessure is, as a rule, above 

he normal for the place , thus, pressures above 1,020 



Plate IX. airship WEATHER. Fia 1. 

DtSTBlBUTION OF TEMPERATURE, WEATHER, WIND, AND 
PRESSURE, 6 P.M. 6tli SEPTEMBER, 1915. 
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millibars (30 1 inches) are generally to be touiid in anti- 
cyclones, and this has driven rise to the statement that a 
high barometer m itself indicates favoniable conditions 
for airships and vice versa This is often, but not always, 
the case If one plots the piessuie on a map the favour- 
able aiea extends outwaid fiom the cential region wheie 
the highest prossmes are found until the piessure begins 
to fall away rapidly, and then one finds stiong winds and, 
possibly, also ram or snow 

An anticyclone is indicated on a map by drawing lines 
of equal pressure, ISOBAES, which naturally enclose the 
area of highest pressuie The lines of an anticyclone, 
geneially speaking, run in roughly parallel cur\ es and are 
easily recognisable on a map, such as the one i eproduced 
here, Fig 1 The shape is sometimes that of a regular 
curve, more or less like a circle or an oval, as in this 
instance, but often it is quite irregulai and straggles over 
a large region Anywhei e near what may be called the 
top of it, te, the region of highest pressure, there are 
calms 01 light aiis Further away the winds begin to 

lange themselves m circulation round the central region 

easterly winds on the south side, westerly on the north 
Further out, as one gets towards the regions of low pres- 
sure, the winds become brisker, and on the margins of an 
anticj clone they may be very stiong, but on the eastern 
side they are generally steady, not changeable oi squally 

It IS chaiaeteiistic of an anticyclone that when it is 
once set up and well maiked it generally lasts two oi 
thiee days, somotimes it is peisistent for a week or 
10 days, occasionally oven inou' An anticyclone is, in 
tact, typical of settled weathei, and consequently the 
setting in of a huge anticyclone ovoi the area ot 
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of S^oSabTe^weatSf Providing an ample penod 

eastward^oi^north-eTstward generally drifts 

eastern or froS Le slth^ northerly winds on its 

’wind,veerinrto :NT? LJ? of a northerly 

IS comingovi a?d as anticyclone 

least to pass.the“avitatorr l^^^^^ 
of fair conditions, anf wLTeTe ^ 

over and the winrt lo d. i® central region is going 
calm, and then north-east tl 

practically certain t<f hf south-west, there is 

tw,<„%r?SgiLi,r“‘ ‘’'o ” 

■when there is an ^ *° choose the occasion 

southern England or the Chan cential area over 

ward.asmostof theL do advancing slowly east- 

‘W<la,s' favpuS tal£; 3 St'"."?' “S,*"" “ 
may extend his forecast 5 he watches the map 

behaviour ofX aXlL ^ “otes the 

■well-recognised creature in^ anticyclone is such a 
observations from one half of “®*®®^“j 2 gical maps that 
in forming a judgment a« tr, + * sufBcient to go upon 
with the foutheriy wLd comes 

that a southerly Vnj even 

■which no hostile navigator is hvJ ^ warhiug 

In winter it is oft!n X. ^ disregard 

particular!} when the anffri s.nticvclonic weather, 
sometimes It i^oudy Sd Jlo 'I 
hfi^yrainin the central region Saw'* 

Unfavuurah/e waf/ier^ seldom any ram at all 
weather for hostile ope^^ons ^^fth C 
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AIRSHIP WEATHER. Fia 2. 

DISTRIBUTION OF TEMPERATURE, WEATHER, WIND, AND 
PRESSURE, 7 A.M. 1st NOVEMBER, 1915 



OBARS are drawn for intervals of five milli- 
bars 

IND*- Direction is shown by arrows flying 
with the wind 

Boice, on the scale 0-12, is indi 
rated by the number of feathers 



WEATHER —Shown by the folio wing symbols — 
Q clear «ky 0 sky i clouded 

0 sky -J clouded (JJ) sky | clouded 
^ overcast sky 0 rain falling 
^ snow A bail S fog 
=« mist T thunder T5 thunderstorm 


TEMPERATURE — Uiven In degrees Fahrenheit. 


f (S' S , M 0 Press, S.W 
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weather represented on the map by a region of relatively 
low barometer round which strong winds circulate (See 
figure 2 ) It IS the opposite of anticyclonic weather 
The cyclonic depression passes rapidly across the map 
and the weather goes thiough a well-known cycle of 
phases in the course of twelve to twenty-four hours A 
well-developed cyclonic depression makes successful air 
raiding impossible, partly because of the strength of the 
wind, which may reach 50, 60 or 70 miles an hour in the 
upper legions, and still more because of its variability 
(the wind is gusty and squally and is also liable to regular 
changes), which may give the ship as much lee-way as 
traverse This, m darkness, means losing the course and 
probably losing the bearings Besides, there is often 
heavy ram or snow with cyclonic weather 

In the South of England cyclonic weather generally 
begins with a southerly or south-westerly wind, and as 
there is frequently a succession of depressions passing 
along the same track there are successive fallings and 
risings of the barometer and successive phases of southerly 
wind, veering to N,W with the rising barometer, and 
backing again to S W with a falling barometer 
Between two successive depressions there is often a day 
of perfect weather, light, transparent airs and clear skies 
An airship commander who started at the right time 
might use this brilliant interval to make a raid;rbut with- 
out extremely expeit forecasting, which would require 
ample telegraphic information, ic is too dangerous He is 
more likely to wait until the setting in of a northerly or 
north-easteily wind marks the beginning of an anticyclone 
Risky weather — Between these two extremes of easily 
identifiable weather, favourable or unfavourable, there 
are a number of conditions which may be called risky, 
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periods of slow transition between anticyclonic and cy- 
clonic, or periods of vague type without maiked featnrea. 

These require an expert knowledge of meteorology it 
they are to be dealt with successfully So far as we know, 
hostile aircraft have used special meteorological observa- 
tions (with pilot balloons) to identify a case m which a 
strong north-easterly wind, too strong for easy navigation, 
fell off and became much lightei in the upper air. That 
IS characteristic of easterly and north-easterly winds, but 
there are exceptions To make use of the proper occasion 
m this particular is ceitainly clever, but it is risky ; 


because we can only take advantage of such cases wb en 
we happen io find them, and we do not know any law 
of their distribution In this connexion it may be le- 
marked that airships are not likely to take the on at 
mght m a strong wind Not knowing precisely the diB- 
tribution of air currents, it is impossible to lay a com so 
for an objective across wind, so the objective must bo 
approached ultimately up wind That means the slowest 
speed at the most critical point 
The most risky weather for an airship is when a cyclonic 
depression with southerly wind in its front advances 
rapidly eastward and replaces the light airs in fiont of it 
Light airs, it has been remarked, aie characteristic of the 
central region of an anticyclone, but they are also 
characteristic of the region lu front of an advancing 
tiepre®ion. Depressions sometimes advance at a rapid 
mte, ®y 2^ miles an hour~600 miles a day^always m 
that ^6 from the west or south-west In wintei the 1 1 sk 

^ 

depression On the northern 

fl.! 5 * 1 !’ snow, in the latter 

tase With, strong noitherly winds 
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Yariations of the Baiometric pif^ssure at hve stations duimg' jjlie 
passage of an anticyclone m September ^ 1915. 
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Figure 4 
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This description is quite typical, and is exactly applic- 
able to the case of February 17th, 1915, when two airships 
weie lost 

Prognostication —It will be understood from what has 
been written above that forecasting favourable weather 
for air raids for a few dajs ahead is an easy matter when 
an anticyclone establishes itself on the map It requires 
only the most elementary knowledge of weather-study 
Similarly it is quite easy to recognise a da’^ or two in 
advance the peiiods of unfavourable weather The best way 
of doing this 18 to have a daily map upon which the 
positions of the anticyclone or cyclonic depressions are 
easily recognised But if a chait of consecutive barometer 
readings is prefeired, the charting of the readings at 
Helder, Yarmouth, Holyhead, Grisnez, Skudesnaes may be 
recommended Figure 3 shows the chait for the 
passage of the anticyclone of Figui^e 1 , and Figure 4 the 
chart for the passage of the cyclone of Figure 2 
Forecasting for the more risky weather is a matter for 
expeits, and entails a careful study of weather maps 
What was curious about the late summer and autumn of 
1915 was the frequency of anticyclonic periods, and their 
coincidence with times of new moon 
A succession of depressions is generally characteristic 
of the weather of North-Western Europe, and, consequently, 
a competent meteorological establishment would naturally 
lay Itself out to catch the occasional opportunity But 
this was not at all necessary in the season of 1915 No 
particular skill in forecasting was required 

Altimeter — An aneroid barometer graduated to show 
height instead of pressure The most that an aneroid 
barometer can do is to give a satisfactory measure of the 
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1 Pressme is veiy largely affected 

nressiiTo whatever indicates the 

pressure gives a rough indication also of the height 

reoinrefn^^'® ““f i^n of the height of a position 
^“O'^'ledge of the temperatuie of the air at 

obtained wTif’ ®°i t tempeiature may be 

^r\b T? between the position and the 

of tw te^T “taking estimates 

Smie™^ ^ Av'®. in any case the 

temperature at the top and bottom should be noted * 

^ vertical plane subtended at 

an oW +S k liom the top of 

as Anonlr^?® ^^so used commonly 

as s^-nonymous -v^rith height 

height 

nf -<^^,000 f^et) It consists of fleecy groups 

f cloudlets called by the hrench “ gios-moutons ’’ 
ihe separate cloudlets aie thick enou|h to show a 

bmhercfoiiL*^® ’ A® ^imi'nr groups of smaller and 
ObOTiis ^ ^ ’ ®“^°'®nmulus, show no shadow See 

k sheet of continuous cloud of middle 

Si covrinfrt'^’^^bT® moderate thickness, some- 

[imes coveiing tne whole sky It must be distino-maVipfl 

Wi^out any prefix, which is the lowest form of cloud- 

— » 

a.; STKCtSs;!.": ?“ *>“ '» “0 

travelling over A “f a machine 
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Anabatic — Refemng to the upward motion of air 
due to cdnvection A local wind is called anabatic if it is 
caused by the convection of heated an , as, foi example, 
the breeze that blows up valleys when the sun warms the 
ground See Breeze 

Anemobiagraph See Anemograph 

Anemograin — The lecord of an anemograph 

Anemograph — An instrument for recoidmg the 
velocity or force, and sometimes also the direction of the 
wind The best known foims of anemograpn are 
the Robinson Cup anemograph similar to that designed 
by Beckley for Kew Obseivatory, the Tube anemogiaph 
with direction recoider similar to that designed by 
Dines for Benson Obseivatory (which might be called 
the Harpagraph or gust-recoider), the anemobiagraph 
designed by Halliwell for Negretti and Zambra, the Dines 
Tube lecorder, with direction recorder designed by 
Rooker for R W Munro 

The Royal Observatory at Gieenwich and the Observa- 
tory of the Mersey Docks and Harbour Board, near 
Liverpool, have pressui e-plate anemographs by Osier 

Anemometer — An mstiument for measuring the 
velocity or force of the wind Anemometers register in 
various ways , by counting the numbei of revolutions of 
cups in a measured time, by the difteience of watei level 
in a tube, and m othei ways Information as to the 
construction and use of various anemometeis is given in 
the Observer's Eandhooli. 

Anemoscope — An mstiument for indicating the 
existence of wind and showing its dnection The one 
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best known to tlie Meteorological OfS.ce is that designee 
by Mr, J Baxendell which is provided with recording 
mechanism It is an ohservatory-mstrumeiit, not c 
portable one 

Anoroid Barometer — An mstrament for deter- 
mining the pressure ot the atmosphere It consists of a 
shallow air-tight metal box, usually nearly exhausted ol 
air The distance between opposite laces of the box 
alters with change in the surrounding atmospheric 
pressure, the alteration being shown on a dial by a hand 
actuated by a suitable train of levers An aneioid is light, 
poi table and convenient, but should be compared occasion- 
ally with a mercury barometer, as an appreciable change 
of zero sometimes occurs It is also subject to “creep,” 
e g , after a recent large fall of pressure — such as may 
occur when it is used as an ALTTJVJETER—it will, though 
under a really constant pressure, show a small spurious 
further fall, which in the course of an hour may amount 
to lor 2 per cent of the previous fall Creep ” in the 
same direction may be perceptible foi several hours, but 
its rate continually diminishes 

AnBroidogTnph. — A self-recording aneroid An 
aneroid- barometer provided with mechanism for record- 
mg tte vanakons of pressure of the atmosphere See 
Barograph. ^ 

Anthelion.— A colourless Mock Sun (see Haio) 
appearing at the point of the sky opposite to and at the 
same altithbe as the sun 

AHtlcyclon© ^An anticyclone is a region m which 
the bajometnc pressure is high, relatively to its sarronnd- 
mgs, and is generally shown on the weather charts by a 
senes of closed isobars, the region of highest pressure 
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being the central region of the anticyclone In a well- 
marked anticyclone the isobars are roughly circular or 
oval curves, the wind blows spually outwards m accord- 
ance with Buys Ballots Law, and the pre^sure in the 
central parts is veiy seldom under 1,015 niillibais or 
30 00 inches See Plate XIII 

Certain paits of the earth, notably large parts of the 
latitude belts of about 10° N and 30° S , also continental 
areas m the winier in temperate latitudes, are anti- 
cyclonic regions In the Azoies-anticy clone in summei 
the pressure is usually about 1,025 millibars, or 30 25 
inches, and m wintei about 1,020 millibars, or 30 10 
inches, and in the Siberian anticyclone of winter the 
pressure is often as high as 1,050 millibars, or 3J 00 inches 

Anticyclones ^are characteiised by calms and light 
winds and an absence of rain, the desert legions of the 
earth are anticy clonic regions But m the temperate 
zones, short ot gales and strong winds, almost any 
weather may occasionally occur in an anticyclone In 
England they aie generally accompanied in winter by 
dull, cheerless weather and fogs, and in summer by 
bright, hot weather 

The causes of anticyclones are still unknown We 
have learnt in recent years that the tempei^ature of the 
air in them between the heights of 2 and 10 kilometres 
(1-6 miles) is high ei, but at still greater heights lower 
than its environment 

For the anticyclone in relation to weather refer to the 
Weather Ma^Oy and see also Airship-Wbathbb and 
Isobars 

Aqueous Vapour “^—Aqueous vapour is always present 
in the atmosphere, and, although it never represents more 

* See alBo Humidity, p. 164:, and Absolute Humidity, p 290 
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than a small fraction of the whole, it has physical properties 
that gi^e it gieat importance in meteorology In a closed 
space wherever there is a free surface ot ice or water, 
evaporation takes place niitil the water- vapour exerts a 
dennice pressure of saturation, depending only iinon the 
temperature, and not upon the piessure of the surrounding 
air This pressure of saturation is very much greater at 
high than at low temperatures as is shovn in the folio wmff 
table — ® 


Temperature 

Pressure 
ot Saturation 
in millibais 

Tempeiature 

Pressure 
of Saturation 
in millibars 

“F a 

" 10 260 8 

20 266 3 

30 271 9 

40 277 5 

50 283 0 

2 4 

3 7 

5 8 

8 5 

12 2 

“F a 

60 288 6 

70 294 I 

80 299 7 

90 305 2 

100 310 8 

17 6 

24 7 

34 6 

47 8 

65 0 

1 metre of dry air at 1,000 mb and 289 a weighs 

l,20Dg ® 

j,he mass of water contained m saturated air at different 
temperatures is given in the folio wins table — 

Temperature 

Mass in gframmes 
ot water vapour 
per cubic metre 
of saturated air 

Temperature 

Mass in grammes 
ot v\ ater vapour 
per cubic metre 
ot saturated air 

'’F a 

33 2730 

40 277 5 

50 283 0 

62 288 6 

5 

7 

9 

13 

'^F a 

70 294 1 

80 299 7 

90 305 2 

100 3108 

18 

25 

34 

45 
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It IS easily seen fiom these hguies that saturated air 
yield ram or snow if cooled, and even air 
that does not contain all the aqueous- vapour possible will 
ultimately deposit moistuie it sufficiently cooled 
In the passage from the liquid to the gaseous state great 
quantities of heat are absorbed, 536 calories for every 
giamme evaporated at the boiling point, and even more 
it the water is initially cold Conversely much heat is 
yielded up when condensation occurs See p 70 

Tyndall has shown that the heat radiated from a black 
body at the boiling point of water is readily absorbed by 
aqueous vapour, which must, therefore, have a correspond- 
ing power of radiation Spectrum analysis shows also that 
some of the visible radiation of the sun is strongly absorbed 
by the eaith’s atmosphere 

Atmosphere —See Weather Map MO 225 i , p 15 
Atmospheric Electricity —See p 294 
Audibility The audibility of a sound in the atmos- 
phere is measured by the distance from its source at 
which it becomes inaudible On a peifectly clear, calm 
day the sound of a man’s voice may be heard foi several 
miles, provided there are no obstructions between the 
source of sound and the listener , but quite a small 
amount of wind will cut down the range ol audibility 
enormously 

The sound is not cut down equally in all directions , 
to leeward, foi instance, a sound can usually be heard 
at a greater distance than it can to windward of the 
source This is accounted for by the bending which the 
owing to the increase in wind-velocity 
with height above the ground, the lays to leeward of the 
source being bent downwards while those to windward 
are bent upwards so that they pass over the head of an 
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obseryer stationed on the ground The decrease in 8 
directions in the range of audibility of a sound whf 
there is a -wind appears to be due chiefly to the dissipatic 
in the energy of sound as it passes through eddying ai 
A plane wave-front becomes bent in an nregiilai mann 
when it passes through air in irregular or eddyir 
movement It, therefore, ceases to ti a vel uniformly ±o 
ward Part of its energy is carried forward, while tl 
rest IS dissipated laterally 

If there were no dissipation of energy m a sound-wa’< 
the intensity of the sound would deciease inversely - 
the square of the distance from the source Experimen 
show that, under normal conditions when there is a ligl 
wind blowing, the rate of decrease in intensity of sour 
at a distance of half a mile or more is considerably great' 
owing to the dissipation of energy than would be expect€ 
from the inverse square law If, for instance, a whisfc 
can be heard at a distance of half a mile, four whistL 
blown simultaneously should be audible at a distance < 
a mile , but the range is actually only increased to aboi 
I of a mile 

Sounds are usually heard at greater distances dunr 
the night than during the day On calm nights the rap| 
of audibility of a sound may be as much as 10 or 20 tim< 
as great as it is during the day This effect is due part] 
to the increased sensitiveness of the ear at night owing 
the decrease in the amount of accidental disturbir 
waves, partly to the inversion of temperature which con 
monly occurs on calm, clear nights, and has the eff’ecit \ 
hendmgthe sound-waves downwards, hut chietly to tl 
diminution of the amount of distuihance m the atmo 
phere at night 

Between the source of sound and the extreme range < 
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audibility areas of silence sometimes appear, in wliicli 

«®“‘ >■“ m some™ » 
been attributed to a reversal in the direction of the wind 

woSd atmosphere The lower wind 

QiAnvif ^ the sound rays upwards to windward of the 
thpao ®iitenng the reversed upper wind current 

sid W a? ^ f separated fiom the souice of 

sound by an area of silence This explanation is quite 

™ places, where the 

sound IS heard again, aie to the windwaid of the source 

aTme n^t^’ however, many cases in which areas of silence 
leeward of the soru'ce, and many others in 
which an area of silence occurs in the form of a vni 

andib?l?tv*^®T®°’^^°® surrounded by an area of distinct 
y In most of tho casos wlier© a iin 2 f“Sliap 0 d 
aiea of silence has been observed the outer region of distinct 
audibility begins at a distance of about 100 miles from 
well “^las or °rere S 

Tse m whfefiTi ^ ®oo^ example of a 

from the qnnret ‘I ^O'Ched area of audibility was separated 
trom the source of sound by an area of silence In the 

tio^ho^<o\^^ reproduced by permission 

aie^h^wn^ Tt the two areas of audibility 

aie shown It will be seen that the outer area which 

Se'^s*^ti^t?“'’ and Norwich, lies about 100 

round, ® area sui- 

w. a “0* symmetiical, being spread out 

WM iSedit ®orith-east Definite^evidence 

far^hlf ^ *'®^a ®^Planation of these cases has so 

far been offered The wind-distribution necessary to 
ld20t ^ 2 
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explain them on the wind-refraction theoiy Avould be 
very complicated and would, moreover, in some cases, be 
of a type which no meteorologist has yet observed 

The effect of FOG on the audibility of sound has been 
the subject of a considerable amount of discussion The 
idea that sound is mufQed by a fog seems to be commonly 
accepted , but on the other hand the expeiiments ot 
Henry and Tyndall have failed fco give any indication of 
such an effect They seem lather to show an increase in 
audibility m a fog The effect of the waterdrops them- 
selves has been shown to be too small to affect the 
propagation of sound waves to an appreciable extent, 
while the weather conditions usually associated with the 
production of fog, the homogeneous state of the atmos- 
phere and the INVERSION ot temperature, are such as to 
give rise to increased audibility 

In calm weather the direction of a hidden souice of 
sound may be estimated to a few degiees by turning the 
head till the sound appears to come from the point 
towards which the observer is facing The observei, 
however, is seldom confident that he has attained such 
accuracy In windy weather it is more difficult to esti- 
mate the direction of sound 

Aureole — The luminous area surrounding a light 
seen through a misty atmospheie 

Aurora —See p 298 

Autumn. — Autumn, in meteorolog;> , compiises the 
three months of September, October and Novembei, the 
first three months ot the f aimer’s year. In astronomical 
text-books it is defined as the period commencing with 
the autumnal equinox and ending with the winter 
solstice, % e , from September 23rd to December 22nd, but 
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such a piactice is conlusing Asti onomically, the wmtei 
solstice should not be the commencement ot winter, but 
mid-wmter, and the summer solstice, midsummei See 
SEASONS 

Averag*e — The word ongmally meant the adjustment 
between the interested paities of the chaiges for loss oi 
damage to a ship at sea, but now it has been adopted for 
other uses The average of a sej les of numerical quantities 
IS obtained by adding them togethei and dividing by 
then numbei The average value of any meteoro- 
logical element foi a particular station would be obtained 
in this way from a long and regular series of observations, 
but would not have any very exact meaning it the climate 
weie changing In the annual publication British Bam- 
Jail “average” is applied to the mean rainfall of a place or 
area toi a series ot years, while for the mean rainfall tor 
a given period ot a number of points unifoimly 'distri- 
buted ovei an area the term general rainfall is reserved 

Azimiitll — The angle between the bearing ot an 
object and the meridian line, or line running North and 
South Technically, the angle between the vertical piano 
passing through an object, and the vertical plane passing 
thiough the poles ol the earth In meteorology it is 
usually reckoned in degiees from N through E up to 360° 
which IS N again 

Backing* —A change in the direction ot the wind 
the wind is said to “back” when it is changing in the 
opposite diiection to the hands of a watch This rule 
applies also to the southern hemisphere, but there, so iai 
as the backing is useful as a forecast of coming weather, 
the movemonfc is equivalent to the voeimg wind of the 
northern hemisphere, and conveisoly 
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At^l heights above the ground-level the maximum pressure occurs in the hottest 
months The seasonal variation in the normal pressure at sea-level is small 
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position (somewhere near ten kilometres), after winch the 
ItTffS fnfti? temperature 

ft the sirfaL 

« “s to put forwaid 

a table of the average pressure and tempeiature of the 
free air at different levels in the several months of the 
year, which is given on pp 40 and 41 

elemeS\T® variation of the meteoiological 

e ements, temperature, wind and humidity derived from 
observations with ballons-sondes, kites and pilot Slloons 
Me given “ Geophysical Memoirs, No 5, by Major E Gold 
(P’lWished by the Meteorological Office^ ’ 

of features 

01 xne reiation of temperatme to pressme or height in flip 

upper air of all parts of the gl^be the balSsonSe xs 
most effective In this general inquiry the details due to 

iVTf rjsssr*”? i “ “ ~o„ 

may oe aisregarded Such irregularities are sneeiallv 
noteworthy in the lowest kilometre of the atmosnhere 
and are of importance in aviation and gCefi because 
changes in the distribution of temperature SeeSsardv 
Mcompanied by changes in the distributmrornressme 
w of 'Wind The first kilometre m 1 000 

f^t, therefore, requiies special attention Observations 

of temperature humidity and wind can be got bv meZ 

whenttSe m lSe'or^“wiZ?nd^ 

balloon or balloon kite in a?! 4r! +k observation 

aph has been designed by 





Bar — The unit of atmospheric pressui e, being eqi 
to the pressui e of one million dynes (one megadyne) i 
square centimetre The BAR is equal to the pressure 
29 5306 inches, or 750 07G mm of meicuiy at 273a (33" 
and in latitude 45° The name was introduced into pn 
tical meteorology by Y Bjeiknes, and objection has be 
laised by McAdie of Harvard College on the ground that t 
name had been pieviously appiopriated by chemists 
the C (f S unit of piessure, the dyne per squ^ 
centimetre The meteorological bai is thus one milli 
chemical bars, and what chemists call a hcLT we should c 
a microhar One bar is 100 CENTIBARS or LO 
MILLIBARS Seep 194 

Barogram. — The continuous record ot atmosphe: 
pressure yielded by a self -recoi ding barometei See p li 

Barograph. — A self-recording baiometer, an insti 
ment which records automatically the changes 
atmosphei ic pressure In one form of mercury barogra] 
the movements of the mercury m a barometer are coi 
municated by a float to a pen m contact with a movi: 
sheet of paper carried by a revolving drum which 
driven by clockwork 

The portable barographs which are in common use a 
arranged to record the variations ot pressure shown by { 
aneroid baiometer, and on that account they are som 
times referred to as anerotdographs Particulars as 
the method of using those instruments are given m t] 
Obseiver’s Handbook (M 0 Publication 191 ) 

Barometer — An instrument for measuring the pre 
sure of the atmosphere The mercury barometer hi 
been found to be the most satisfactory form for gener 
use The principle underlying this type of instrumei 
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end, IS filled with, mcicniy, and the open end is temuoi- 

same hauKT^lh^^ Ttl an open vessel o/tlio 

n?^d 1 ^ '“a a veitical position 

nd the immersed end is re-opened, the mercniy will fall 
nn il the level inside the tube stands at a hejhf of about 
above the mercury in the trough The pressure 

the^^eSnev^Fr+r mercuiy-suitace balances 

hewKnn7rf«i column to fall, and the 

wesmrnFS^ ^ ^ay lepresents the atmospheric 
?n! pF *T® compute the pressure 

mealSf? coln^ of meicmy has to be 

thrme+J«rl^f® meicury barometeis vary as regards 

nelK n? Fn and m all the tem- 

m n«t hfl +of mercury and the latitude of the place 
mast be taken into account ^ 

caSe^ deforTa P^^^suie of the atmosphei e 

reformations in a spring inside a closed metallic box 

cated to a pointer moving over a suitably engiaved scale 

Srt whSh t a mn.t ten-thousandth 

required m other meteoSlogmllTetsmeTeX^ Sp“iS 

are 

metaTSSe '>”»■ 

otaetvatioi, See Wath^-lT^f an 

S« >»«»« f» ^aather, 
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Becmtort Scale 

Beaufort Scale — The scale of wind fofce devised by Aclmu al 
Beaufort in 1805 An explanation has been given in the 
Weatlm -Map^ p 13 

Table of Equivalents m Force and Velocity 


Pressure of Wind 
on a Plate 

Equiva- 

lent 

velocity 

in 

miles 

per 

hour 

Beaufoit Number 

Limits of Velocities 

Statute 

Miles 

per 

Houi 

N autical 
Miles 
per 
Hour 

Metres 

per 

Second 

Eeet 

per 

Second 

in lbs 
per 

square ft 

m Milli- 
bars 

(10^ dynes 
per cm 

0 

0 

0 

0 

Less 

Less 

Less 

Less 





than I 

than I 

than 0 3 

than 2 

01 

01 

2 

1 

1-3 

i ~3 

0 3-1 5 

2-5 

o8 

04 

5 

2 

4 "7 

4-6 

1 6-33 

6-1 1 

28 

13 

10 

3 

8-12 

7-10 

34-54 

12-18 

67 

32 

15 

4 

13-18 

ii~i6 

5 5-8 0 

19-27 

1 31 

62 

21 

5 

19-24 

17-21 

8 i->io 7 

28-36 

23 

I I 

27 

6 

23-31 

22-27 

10 8-13 8 

37-46 

36 

17 

35 

7 

32-38 

28-33 

139-17 I 

47-56 

34 

2 6 

42 

8 

39-46 

34-40 

17 2-20 7 

57-68 

77 

3 7 

50 

9 

47-54 

41-47 

20 8-24 4 

69-80 

105 

50 

W 

10 

35-63 

48-55 

24 5-28 4 

81-93 

14 0 

67 

68 

11 

64-71; 

56-65 

28 5-33 3 

94 -no 

Above 

Above 

Above 

12 

Above 

Above 

33 6 01 

Above 

170 

1 81 

75 


75 

65 

above 

no 
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“ “ ‘P"“> “">« ■■> »1 1 W BKtStvf; 
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Mue of the Sky 

composing tlie blue and violet end of the spectium aie 
more completely scattered than the long led and yellow 
waves Hence light passing through a medium contain- 
ing a great number ot such particles is left with an excess 
of red, while light emerging laterally has an excess of 
blue It 18 for this leason that soapy water looks yellow- 
ish when one looks through it at a source of white light, 
and bluish when one looks across the direction of 
illumination The greater part of the sky appears blue 
because the light fiom it consists mainly ot light scattered 
laterally fiom minute pai tides m the atmosphere The 
smaller the particles the less intense is the light but the 
greater the proportion of it that is blue. When the 
particles are larger the proportion of blue is less, as in 
the whiter sky of a haze Near the horizon the sky is 
whiter than at the zenith because the rays of light from 
that region have passed through a greater thickness of 
the lower an where large particles aie relatively more 
numerous Sunset colours are reddish because the rays 
reaching ue directly have lost much of their blue light 
by lateial scattering The sky as seen fiom high moun- 
tains and from aeroplanes at a great height is of a deeper 
but purer blue because there are fewer large particles 
than at lowei altitudes 
Boiling Points.—See p 300 

Bora— cold wind occurring in the northern 
Adriatic, very violent, which blows from the high 
plateaus which he to the northward These plateaus 
may become extremely cold in clear winter weather, and 
passing cyclonic systems allow the air to flow down to 
lower levels The actual violence of the wind in a bora 
IS largely due to the weight of the cold air of the plateau ‘ 
causing it to run down the slope like a toirent or cataract 
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depSdent of BuJ'BalloXilT® 

due to the increased ti-poo!,, \ i adiabatic warming 
prevent tL resuTw^"^^^^^^^ S’^fficient to 

Meteorological Offiee^ r ^ cold In the 

this character “ katabatic 

• distribution of Iwsntre ^ 

“geostrophic»\vmds ^ 

Breeze —A wmd of moderate strength 

o(?SiB4?„roX“Tn“„‘tTh°*"°r °»"™ 

in contact with the ice ^The ^ x of the an 

to the gravitatio7S the <i"e 

surfaces^n a sCe and a le^fn 

as a typical examji; of a kaSat w?nT 

m^SnSy^nnithinSf^ ^ 

of the conySfonal 

heating of the laud than of thTwatw 

na^gino^SLntkke^dmine nn fhie 

more rapid coolina' of ^ riight, due to the 

and th« wind Mowj from ths Ma to’tkf ^“i ™ 

a SEA-BREEZE These r»}iPnAT> land, constituting 

•ropion, ,ta' 4o Zd “Z.Z7“*“‘.r“"‘'*“*» 
usually not strong enonaiiT^*^^ othei causes is 

effect See also p 183 ^ ° mask the convectional 

ifo«ni«.„-s,r.rr_A n.gU b.eere u„,„j 



SjScJrd grouncl of the au chilled 

coldefai^TahM convection in which the 

an ‘“nabSc ” wind 

the?u?^waSrt4rt"^^^^^^^ 

Bronto^eter, fiom hronte^ a tliundeistoim a com 
dSrof th^>^?ir*’'' tollowing and noting all the' 

stom ^ ^ Plienomena of weather during a thuiidei- 

Buoyancy — Used generally with reu'ard to shms m 
balloons to indicate the load 4ich a sC co«ld ^ 

rS?n^i completely submerged, or the^e^ht whmh 
a balloon or airship can cairy without sinking 

diiP^n!^ 1 *^® balloon oi aiiship the buoyancy is 

hStJrthanf^r^ bydiogen 4ich i 

iigmer than air A cubic metre of nerfectlv div an ai 

uTc"!?"," S\‘ 7“*““ '"I “ 

4iSis 0 ?lY m w rf ? tbe same conditions 

u-xtA^ ^ follows that a cubic metre of 

hydrogen in an at 1000 mb and 273a will have a 
™P^c®c^^ted by the diffeience, 'te, 119 kg 
lait of the buoyancj will have to be devoted to sim 
poiting the envelope which contains the hydioven iml 
which adds so little to the volume ol air disnhiced bv 
(be hydrogen that, loi pmposes ol calcuTitmn we lav 
legaid the displacement of the an by hydrogen as tb« 
source of the buoyancy, ami count the envllopl md othei 
ciccesBorios ol the same kmcl as “dead weight ” 
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The gas that is used undei the name of hydrogen foi 
hilmg balloons always contains some impurity that re- 
duces its buoyancy Water-vapoui in the hydrogen and 
b.e surrounding air will reduce the buoyancy by an 
amount varying from 0 2 per cent to 2 per cent in the 
common range of circumstances and the impurities in- 
cidental to the manufacture of the gas, oi to leakage, 
may easily leduce the buoyancy by 5 or 10 per cent 
taking the buoyancy of a cubic 
working hydiogen at 119 kg the theoretical 
tayirogen m dry air, we may take it 
cubic metre at 1000 mb. and 273 a 
The volume of a laige airship may be 25,000 m', 
the dimensions being 140 m m length and 15 m in 

“ti and 273 a 

IS, in that case, 25,000 x 1 10 kg , or 27,500 kg In those 
conditions the relation of piessure to temperature is 
d bb 1, see p 53 In other conditions of pressure and tem- 
diffei^id^^^ relation, and theiefoie the buoyancy, will be 

The relation between the displacement and the weight 
supported is given by the equation ^ 

Qp(l~<r)=W + L + B 

where Q is the volume of air displaced, p the density of 

to au artbe®r®°f ° “hydrogen ” lefewed 

wetSif pressure, W the dead 

weight, L the portable load, and B the ballast 

Buotascy in different Atmospheric Conditions 

CAN THAT AN AIRSHIP 

as^nds^^Ti^^^v, p becomes less and less as one 

SfahP^ TW because the pressuie di- 

nishes. Ihe tempeiatuie diminishes also, and, on that 



P>iii)t/a7u y 


a.ceount, theie is some compeiisdUou ioi thp foil 

tat not „ p./,..', Te ta„™o? 

We may suppose that <r, the specific ^rJvitx nf thr 

hydiogen lemams the same throughout beeluL 
anslxip, the u oecause, m an 

thatot the au mAichSfiSL changes witi 

Sp.af Lt oT.r™;^,„snu“ 

v»Ue taSr >■« «« S- 

“J’ “ (l6t,rmms,l Ij n,o 

...d.nTy'U-eq'S.o"'' ‘'“P™*"™ Ly th. 

Z = txZ 

Po Pa Ta 


temperaiure of^ th?Lr*it the?eleSe/lovd I 
standard pressure, density and temperatuJi 


The equation of buoyancy becomes 


r.;x % J’;.,„(l-.)t 


+ // + -B, 
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For the hguies which we have quoted, 

j?, = 1000 mb, T, = 275a, (J - rr) = 1 1 kg/ui'^ 
and the equation becomes 

273 X 1 1 __ 

1000 T Q 

W and L, the dead weight and the poi table load, cannot 
he altered during a voyage without sacrificing something, 
hut the ballast B is carried for the purpose ot adiusting 
the level The maximum height will be i cached when 
the ballast is exhausted, that is when B is zeio 

In this equation the value of the latio p\T which 
detei mines the density depends upon the pressure and 
temperatuie of the an at the time of the flight, but foi 
aeronauts the most important cause of the variation in 
these elements, and therefore in their ratio, is the change 
of pressure and temperature of the atmosphere with 
height These are so considerable that they overshadow 
altogether the changes at any chosen level from day to 
day or from month to month We can therefore use a 
table of average monthly values with advantage The 
following tables give the average values otpl T for different 
heights computed from observations of ballons-sondes 
From the values pjT the density m grammes per cubic 
metre can be found by multiplication by 348, (The first 
table IS computed from the pressures m the accompanying 
table and the temperatures in Table IV 2, Computer’s 
Handbook, Part II , §2, p 56, the second has been pre- 
pared by Mr W H Dines, F R S , for the handbook of 
Meteorology) 



XoRMAL Monthly Factors for the Density of Air at 
Various Heights over S E. England 
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At greater heights the air is heaviei in summer, owmg to its higher iiiessuie at lesser 
heights the air is lighter in summer, owing to the higher temireiature 



r)4 


OloH^^ary 


{H 

M tsQ 

J2I O 

P o 


m g 

g I 

g 2 

<1 a 

gw 

fe oa 

S P 

H o 

1^ 

§ § 

PM O 

M 

!3r ^ 

o m 

m ^ 

|l 

03 

- &i 

►3 ^ 

^ H 

o 


<& 

pc] 


o 


I 


CQ 

I 

a 

m 


I QQ 

SP«5I 
S *^0 


^ ^ M S ^ ^ Ow^o I>.vnmi^0 b-VO OO 

^ “Wr ^ xnvo I's.oo C3^ w M fo xjnKO oo O n vn i-^ O 


Ol M Wl (N> CO CO 


^ JD Cbrhco i>.u3 O 

-t^ C^ O w vo b^ O *+00 01 b^ 

9 H M -■•*---- 


_ _ MOOMcOfOcON 
_ .---.b»COC>tJ^cOWOOM 
C<J rj bj CO CO ■<!f -I* vo\o b^OO G^ O 


f ^ rS C^J>.\ncOHCOvob) Own O \ri O 

'^2^2^2^2'2^£'2l:tl::Ji^ ^ -t- vo too b-. j>-oo ^ on o 

M M W M H t-i <N OJ M PI (M C'^ CNJ Ol n oi W bl r-i to 


b>.b>.oo O rhONtow O ONm -+-0 OtoO 
^ ^ « *N CO -si- -t- too b>. ON O M to tr> jr>.ciO m ^o on w O 

HIHWMMMtMWciMfOtO 


8 g'5.2?K9^ 5’^5’fj 

^■-'--MWMcOfO'Tj--;j- uTO b>. b~ ON O 


H M M M I 


^ CO M 00 --f O tOQO N 

‘®«««55555J358 S ??;?•« ?r5-?r‘S 


es &!.<? CT« S-'2 .^iS'!£'S 5?“® ■<^No^o>H^nMNu^N 
CO rr 'tr loNO b«»co O m co mo ON m to'O On iN y3 


M 01 M CO CO 


'^'3‘tCoo O 8 ^toO M o^SSm 

W "'^HMMC^CIrOcO'Ti-'^- tovo NO b^OO O 


Ss ca S^'S S' ^ n M b^ M M 


s ^ ^ R OnOnmuoh m xbO 

^ *N bi CO -Tb ■tJ- tovo bs.00 O M CO tovO CO M conO On M no 

MMMHMrHbldCMCCJcOCO 


W *^blWMMb(CSICOCO'tb'<!i- tONO NO b- ON O 


^°*««SSS5S3SS8 8 jr;t 


00 to bi 00 cooo b) 

'+ -t tONO NO IN. b^OO 
*■' pj M b> M W (M b1 


8 S' H M M M H 5 tNNO VO ^ to o M O 


Tlie figures for Oanada aboT^e IS k: are soxuewliaii dou-btful, and for tibie Equator very 



Buoymicy 


55 


With theae tables the limiting height ot hotation can be 
appioximately deteimined when the dimensions and pai- 
ticulars of the dead weight, portable load and ballast aie 
known. 

airship which displaces 
20 OOOm'^ ot air with a dead weight 11,500kg 9,000kg 
ba last, inchidiiig 2,000kg of fuel which can be spared, 
7,000kg p(irtable load, including ciew, clothing and food, 
1 lourney, oil aimament and working 

tackle, the right hand side of the equation is reduced to 
its miDimuiii when the ballast is disposed of, that is when 
h - 0 , 111 that case yjT woi ks out to be 2 46 This will be 
lound in the table between 3k and 4k, rathei nearer 3k in 
Rummei than in wmtei 

Thk Ei’kbot op Weather upon Buoyancy 

changes of weather affect the buoyancy because 
they alter the y<ilue of j)\T at the starting point and at 
eveiy stage of the course The value at the starting point 
determines the amount o( ballast that can be earned to 
begin with, and the value at other stages of the iourue\ 
determines the height to which the airship can use with 
all its ballast expended 

Assurning that the liiiut oi ascent is deteimmed by the 
value 2 4 toi the latio^/J', we find that the variation in 
the couise ol the year 1913 was from 3 5k to 41k 
ihe epet ot low pressuie oi high tempeiatuie can 
easily be seen but it is not very pronounced The differ- 
ence between the worst occasion and the best from January 
to May 1913 was about 1,600 ft It is now recognised 
that above one kilometre, when pressure is low, tempera- 
ture IS also low, and, consequently, at any level the value 



PITi^ steadier than the vaiiations at the suiiace would 
lead one to expect In these calculations no allowance 
has been made for leakage, nor, on the other hand, toi 
compressed hydrogen cairied to replace losses 

Depression produced by the Weight of a 
Deposit op Rain or Snow 

The catchment area may be about 1000 m^, and the 
figures q^uoted from Josselin by Modebeck for the weight 
on that area aie — 


Dew (liglit) 

Dew (heavy) 

Rain 

Heavy rain 
Storm rain 
Snow 

According to this table the worst effect, even of snow, 
would be a depression of 2,000 feet 

Depression produced by descending Wind 

The calculation is veiy hazaidous , supposing the 
vertical component of the wind in oidinary ciicum- 
stances to be from 0 5 to 15 m/s, and assuming the 
ordinal y law of lesistance, which is tiue ioi small aieas, 
the downward foice would bo 01 mb =10 dynes pei 
cm^, say 500 x 10^ x 10 dynes on the enveloiio (taking tlu' 
area to be 500 m^j, or bxlO’^dynes This is equivalent 
to a weight of about 50 kg and is, theiefoie, unim- 
poitant, but it would become important if the downwaid 


kg 

15 

8o 

200 

250 

400 

800 


Weight 

to 
to 
to 
to 
to 
to 


kg 

50 

240 

290 

360 

480 

1000 


Maximum 

(Icprebsion 

k 

03 

15 

18 

21 

30 

60 
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velocity reached 5 m/s, which it piobably may do m a 
disturbed atmospheie, and ui the downrush ol a line 
squall this yaJue might be laigely exceeded 

Buys Ballot’s Law (see The Weathe) Map) —The law 
IS that if ->011 stand with youi back to the wind the 
atmospheiic piessure in the noithern hemispheie de- 
creases towards youi left and inci eases towaids your 
light In the southern hemisphere the leverse is tiue 
The law is a necessary consequence of the eaith’s lotation 

0 G S — Abbreviation tor Centimetre Gramme Second, 
used to denote the organised system of units for the 
measurement of physical quantities by units which are 
based upon the centimetre, the gramme, and the second 
as fundamental units 

Calm — Absence of appreciable wind , on the Beau- 
fort Scale 0, ^ 6 , less than 1 mile an hour, 01 thiee-tenths 
of a metre per second 

Calorie —See p 301 

Celsius, Anders an astronomer and physicist, the 
inventor of the Centigrade tnermometer, born at Upsala 
in 1701 The name Centigrade arises from the division 
of the mteival between the freezing point and boiling 
point of water into one hundred parts In continental 
countries the scale is generally named after the inventoi 
Celsius It IS also not infrequently reteired to as the 
centesimal scale 

■— Celsius divided the thermometnc interval between fieezing 
and boiling points ot water into 100 parts, but he made the foimer 
100° and the latter 0° 

The Centigrade scale now m use was introduced by Ohristin of 
Lyons in 1743 (possibly earlier) It has also been claimed for Linnd, 
but the priority is extremely doubtful 
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Centibar.— A hundredth, part of a “bar” or 0 G S 
poiat of ice, -wliile 100° repiesents the boilm» point of 

Sr“e « §rS i“,T «' A oeSJSLS 

“ absoln /rV'* centigrade 

bemff the s.r. it ® freezing point is at 273a, the unit 
ueing tne same as a centigrade degree 

C^entimetre — the hundredth part of a metre I’he 
unit of length on the Centimetre-Giamme-Second system 

terSlmnth mrt ^as Originally defined as one 

disCce frim^thf / quadrant, that is. the 

eJual to m f 1 centimetre is 

h?gh a#?r.“ Sr“j ^ ’* *» 1 ‘o - 

■ flS "t?Sd “f™ 5“';'’ ““'S' “■“"lilsls or .mall 

a CwiS'" olo-l *1 

“ FtLShkfslltof *■ SSoot"'”'’'* 

I»SJS'?o5ft,rTO.n”SnL?l' "“S 

for a sufficiently lonff iTmn ^ weather has been obseryed 

make a useful statement as To tW 

abatement as to the y^eather which wmy be 
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Cirrus clouds, Thiead oi Feather cloudb at a height c 
from five to six miles, and generall} ol a white colour The 
aie composed of ice-crystalb 

The pictuie gives an idea of rather more massive stru( 
Uire than is usual with emus clouds, but the sweeps an 
wisps ai e vei y char acteristic 
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expei’ieuced. at any pajticulai time of the year m that 
locality Technically, the climate of a place is repiesented 
by the average values of the different meteorological 
elements, which should include means for each month, as 
well as means for the whole year Average extreme values 
toi different periods and ABSOLUTE EXTREMES are of in- 
terest, and also the number of lain-days. days of snowfall, 
fiost, hail, thundeistoim, gale, &c , and the frequency of 
ocouiieuce of winds from diffeient diiections Included 
also under this heading would be the eailiest and latest 
dates of frost and snow, the aveiage depth of snow lying 
at diffeient times, and particulars of the temperature of 
the soil at various depths In places where the type of 
weathei at a given time of year vanes gieatly, a long 
senes of obseivations is needed in order to obtain a fair 
idea of the diffeient climatic elements Various kinds of 
climate tu-e characterised, cliiefly with legard to moistuie 
and temperature, as continental which is dry, with great 
exti ernes of temperature , insulai or oceanic which is 
moist and very equable in temperature , tropical in which 
the seasons depend chiefly upon the time of occuirence of 
lamfall , temperate m which the seasons are chiefly 
dependent upon the variation of the daily course of tho 
sun m the sky , arctic m which the yeai is mainly 
two long peiiods of sun and no sun Local climates, such 
<is those of the Mediterianean in general and of the 
Rivieia inpaiticulai,are dependent upon the geogiaphical 
conditions of land and water Eveiy climate is to some 
extent affected by the geographical nature of the sur- 
loundings of the locality 

Olimatio Chart (see Weather Map, p 88). — A map 
showing the geogiaphical distribution of some element of 
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climate , temperatme, rainiall and sunshine aie the most 
fre(][ueiitly charted Charts of noimal values of these 
elements for the Biitish Isles foi long peiiods o1 yeais 
ended 1910 are issued by the Meteorological Ofhce The 
word also coveis any diagiam lepiesenting the periodic 
or seculai vaiiation of a climatic lactoi 

Olimatology.—The study ot climate {q V ) 

Clouds.^ — Clouds have been classified into certain 
typical forms, but there are so many in tei mediate tyjies 
that It is sometimes difficult to decide to what class any 
cloud belongs 

Certain types of cloud and the direction from which 
they aie moving indicate ceitain states of weather, cei- 
tain types of cloud being usually within ceitain heights, 
a knowledge of cloud forms enables the observei to make 
a lough estimate of the height of clouds 

For practical clouds may be divided into 

cloud sheets and cloud heaps 

Cloud Sheets 

Many forms of cloud aie obviously in more or less 
extended sheets, sometimes coveiing the whole sk^ 
sometimes only covering a small p'atch They vaiy 
much in thickness, sometimes no blue sky is visible 
through the sheet, sometimes small patches ot blue are 
visible, sometimes half the sky is blue, at other times the 
sheet of cloud is lepiesented by a few detached clouds 
m the blue 

+ ^ sheet of clouds is not well undei- 
stood But the following may be on some occasions the 
method of formation , it is known that the atmosphere is 
to a ceitain extent stratified, and that theie may be damp . 
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a,nd dry layeiri, it the piessuie ovei any aiea is dimiiiished 
the ail m the legion will be cooled by expansion , if 
sulhciently cooled the dew point will be reached, and any 
damp layei will become a cloudy layer 

Clond sheets aie often seen to be broken up into waves , 
the waves may not be formed in the cloud itself , if 
waves are set up in the atmosphere they will be pro^Da- 
gated upwards and downwards , in a thin clond layei the 
ail that uses on the wave ciest is cooled by expansion, 
moie condensation occuis and the cloud is thicker, the 
air that descends in the hollow is warmed by compiession 
and some of the cloud is evaporated, leaving a clear or 
neaily clear space 

Cloud sheets may sometimes be seen forming at several 
levels at the same time , over a cyclonic depression theie 
are probably sheets of cloud at several levels 

Cloud sheets may be divided up into three classes 
which differ in appearance and height The upper layer, 
the ciirus clouds, aie at heights of fiom 25,000 to 30,000 
feet, the middle layer, the alto clouds, are horn 10,000 to 
25,000 feet , the lowei layei clouds aie below 10,000 feet 

The Upper Layer 

The clouds of the upper layei, the CiRKEb CLOUDS, 
are composed of ice particles, not of watei drops as 
all othei clouds They aie of a pure white colour 
with no shadows except when seen when the sun is 
low down They are usually streaky anil have a 
blushed out appearance (mares’ tads), they are frequently 
spoken of as windy looking clouds, but m spite of this 
appearance they do not necessarily indicate wind 
They aie often seen in long streaks sti etching across 
the sky, sometimes m parallel bands, seeming by 
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the effect ot peispective to conveige on the horizon 
to a V -point TI16S6 clouds often move away from the 
centres of depressions , "when coming from Noith-West 
West or South-West they indicate a depression m a 
■westerly direction, -which will probably spread ovei the 
obserrei , -when seen coming from the Noith they indi- 
cate a depiession to the North-ward ■w'hich -will probably 
mot^e a^way to the North-East and so not influence the 
■weather To observe the motion of clouds, especially ol 
the high clouds, get a patch of cloud “ on ” with the 
point of a branch or some point of a building , if one 
moves so as to keep the cloud on the point, one’s ciiiection 
of motion will be towaids the direction from which the 
cloud IS coming It is often difficult to deteimine the 
inotion of the high clouds without a caieful observation 
of this kind 


Bands of cloud do not necessaiily move in the direction 
of their length, noi do parallel hands of clouds necessarilv 
move from their V-point ^ 

Halos and mock suns (sun dogs) are seen at times 
m emus clouds but m no othei forms , a halo is a rins 
sometimes coloured, seen at some distance (22° 01 more 
rarely 46 ) from the sun or moon 


Besides the wisps and streaks of cloud of 
cirrus there are other foims — 


common 


OiREO-CUMULUS lines or groups of cloud some- 
globules, sometimes waves, mackeiel 


CIRRO-STRATUS a bank of tangled web sometimes 
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ClRRO-NBBXJLA Similar to last but no visible structure , 
a veil of pale white cloud Piecedes depressions 

The Middle Layer, Alto clouds 

The alto clouds aie composed of water droplets, not ice 
pai tides, therefore halos are never seen , CORONA may be 
seen , these are coloured bands quite close lound the sun 
or moon The alto clouds are not such a pure while as the 
ciirus clouds, and shadows are visible on them They may 
move away from centres of low pressure, like the cirrus 
clouds They are, on the aveiage, only half the height ot 
the cirrus clouds, being from 10,000 to 25,000 feet high 
The following aie the most important vaiieties — 

ATjTO-CUMULUS — Very like cirio-cumulus, but the 
cloud masses aie largei, and shadows are visible , some- 
times arranged in globular masses (French Gros 
moutons), sometimes in waves 
Alto-oumulus castbllatus, Turret cloud— The 
globular masses of Alto-cumulus are developed upwards 
into hard-edged clouds like miniature cumulus , some- 
times a large numbei of clouds almost of exactly the 
same shape are seen When coming fiom a southerly or 
westerly point, after hue weather, Turret cloud is a sign 
ot approaching thundeiy conditions 

Alto-stratus — Very like cirro-stratus, but a thickei 
and greyer cloud , halos nevei seen , precedes depres- 
sions, and does not usually extend so far from the centre 
as cirro-stiatus 

The Lower Layer 

The clouds of the lower layei are below 10,000 feet , 
thickei clouds with not such a fine structure as the 
higher clouds. 
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Strato-cumultjs -Masses of cloud with some veitical 
structure appearing in rolls oi waves, sometimes coveiine 
the whole sky , sometimes the whole sky is covered with 
cloud, but the hollows of the waves aie lightei and 
obviously thinner , blue sky is occasionally seen moie oi 
less plainly through the thinner paits This doud is 
common in qmet weathei m wintei, and sometimes pei- 
sisis tor many days together In summer it Ts mor e 
broken up, and tends to turn into cumulus clouds 
Q uniform layei of cloud which resembles 

“lasses ol 

stratus, more or less in the shape of a lens (lenticulai 
cloud), are often seen near thundei clouds , they appear 

h-IMBUS— A dark shapeless cloud without structure 
from which continuous ram or snow falls , through onen- 
ings in this cloud, should such occur, layers of cirio-stratus 
or alto-stratus may almost always he seen 

Scud— S mall shapeless clouds with ragged edo'es 
sometimes seen without other cloud, but usually asso- 
ciated with nimbus and cumulus ^ 

Heap Clouds 

Clouds with considerable vertical structure, not formino' 
horizontal sheets of cloud Their formatira is d™ to 
rising currents of air, as the air rises it is cooled bv 
expansion till it reaches the dew point when cloud btiS 
to form as soon as condensation takes place hSt m 
liberated, and though the air cools as it rises still fSe 
it does not cool so rapidly as it would were no heat 
liberated by the condensing water vapour The rimn a 
current IS due to air heated above its surroundings and 
the condensation enables the current to risTcSeraWy 




Clouds seen from Above Figure 2 



■Valley filled with fog, 300 feet deep, in early morning after 

still night 
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Mglier than it would have done had no extra heat been 
available 

Simple cumulus — This may consist of small clouds 
with flat base and rounded top or large cauliflower shaped 
clouds (Woolpack cloud) These clouds commonly form 
on a summer day, beginning as small clouds, and growing 
laiger by the eaily afternoon, when the using curients 
due to the sun’s heat are at a maximum , they usually 
disappear before sunset 

Cumulo-nimbus , shower cloud , thunder 
CLOUD — Sometimes when cumulus grows to large propor- 
tions the upper edge is seen to become soft and brushed 
out into forms somewhat like cirrus (false cirrus) , at the 
same time from the under edge of the cloud, vfhich has 
been growing very dark, ram begins to fall Sometimes 
only a slight shower may lesult , but if the cloud is large 
there may be heavy rains and violent thunderstorms 
Sometimes the false cirrus is brushed out round the top 
of the cloud giving it the shape of an anvil , the anvil 
cloud IS usually associated with very violent thunder- 
storms and falls of hail Thunder clouds due to the rising 
currents of a hot day usually disappear about the time of 
sunset, but often leave the false cirrus 

Cumulus often foims in long lines of cloud presenting 
the appearance of a succession of clouds or of a wall of 
cloud extending along the horizon Any cause that 
brings masses of air of different tempeiatures near together 
brings about the formation of cumulus cloud 

It should be noted that rain, hail, and snow only fall 
from nimbus or cumulo-nimbus clouds, except the 
slightest and most transient showers, which may some- 
times fall from alto-cumulus or strato-cumulus Nimbus 
causes persistent ram or snow, cumulo-nimbus more or 
less severe showers of rain, hail or snow. 

13204 ^ 
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TABTOAE STATEMENT OE THE SEVERAL TYPES OE CLOXIDS 
I — Cloud Shelts 


Upper cloud layer 
aoout 30,000 feet 
Clouds composed of 
ice crystals With, 
these are sometimes " 
seen halos, or rings, 
at some distance from 
the sun and moon 


Middle cloud layer , 
10,000 feet to 25,000 
feet Clouds com- 
posed of minute drops 
of water Coloured " 
rings sometimes seen 
quite close to sun and 
moon, but never halos 


Cirrus Maies’ tails , wisps or lines of pure 
white clouds with no shadows 

Cirro-cumulus Small speckles and flocks 
of white clouds , fine ripple clouds , mackerel 
sky 

Cirro-stratus A thin sheet of tangled web 
structure sometimes covering the whole 
sky , watery sun or moon 

OiRRO-NEBULA Similar to last, but a veil of 
cloud with no visible structuie 

Alto cumulus Somewhat similar to ciiio- 
cumulus, but the cloud masses aie larger, 
and show some shadow 

Alto cumulus castellatus Turret cloud , 
alto cumulus with upper margins of the 
cloud masses developed upwards into 
rniniature cumulus, with hard upper edges 
(Sign of thunder ) ® 

Alto stratus Very like cirro-stratus and 
cirro nebula, but a thicker and darker cloud 


Steato cumulus Cloud masses with some 
vertical stiucture , rolls or waves some- 
times covering the whole sky 


Lower cloud layer 
Below 7,000 feet * 


Stratus A uniform layei of cloud 
resembling a fog but not resting on the 
ground 

Nimbus Shapeless cloud without structure, 
from which falls continuous ram or snow 


Scud bn « all shapeless clouds with ragged 
edges , sometimes seen without other 
cloud, especially m hilly country, but 
more commonly seen below other clouds, 
such as cumulus and nimbus 


approximate Tlius lower clouds 
*5^?® ““7 above 7,000 feet and attain at 
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II —Heap Clouds 

Cumulus (Woolpack clouds) , clouds with, flat base and con- 
siderable vertical height Cauliflower shaped top 
Feaoto cumulus Small cumulus with ragged tops 
Cumulo-nimbus (Anvil , thundei- or shower-cloud) Toweling 
cumulus with the top brushed out in soft wisps or larger masses 
(false cirrus) and rain cloud at base -uj. 4 * 

The height of the heap clouds is very variable Mean height ox 
base, about 4,500 feet , the height of the top varies from about 6,000 
to 25,000 feet 


Reproductions of photographs of Stiato cumulus seen from below 
and from above, also of Cumulo-Nimbus and of a Yalley filled with 
fog are inserted between pages 64 and 65 A photograph representing 
Cirrus faces page 58, and one representing Mammato cumulus, page 190 

Cloud-lotirst —A term commonly used for very heavy 
thunder-ram Exti emely heavy downpours are sometimes 
recorded, which in the course of a very shoit time tear up 
the ground and fill up gulleys and watercourses , this 
happens in hilly and mountainous districts, and is 
probably due to the sudden cessation of convectional 
movement, caused possibly by the supply of warin air 
fiom the lower pait of the atmosphere being cut ofC as 
the stoim moves ovei a mountain range With the 
cessation of the upward current, the raindrops and hail- 
stones which it had been supporting must fall in a much 
shorter time than they would have done had the 
ascensional movement continued 

Clouds, Weight of — Measuiements on the Austrian 
Alps of the quantity of water suspended in clouds have 
given 0 35 g/m^ to 4 8 g/m* The water suspended as 
mist, fog, or cloud may be taken as ranging from 0 1 to 
5 g/m"* (See Wegener'’!t Thermodynamics of the Atino- 
spheie, p 262 ) 

1S204: 61 2 
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Col— The neck of lelatively low pressure separating 
two anticyclones (see Isobars) One of the most 
treacherous types of barometric distribution, as it some- 
times marks a ocality of brilliantly fane weathei and 
sometimes is broken up by thundei storms See Plate XIV 

Compass— A circumfeience, or dial, graduated into 

E by E , N E and so on The cardinal points of the 
compass are North, South, East and West The points of 

Orientation points A 
Magnetic Compass, or Mariner’s Compass, is a compass 
01 orientation-card having attached to it one or a series of 
parallel magnets and supported so that it may tain freely 

magnet sets itself paiallel to 
wfaat IS termed the magnetic meridian, but it is only some 
tew countries that have a magnetic meridian the same as 
meridian , they include narrow strips 
Russia, Finland, and North Lapland. 
hJ+tL^!;*+i? -within temperate latitudes the angle 
A.Jr may amount to 50° or more, and in the 

regions the direction of the compass 
anfl opposite of the geogiaphical north 

“aiglibourhood of London the 
north, and the 

amount is slowly decreasing 

it declination, or variation, as 

It is called, is more than 20° W 

Public wind-vanes are often incorrectly set according 

oniitaw^r^ri according to true north , often an 

c?mm«« nr ^ f variation of the 

compass or magnetic declination. 
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A compass-needle is mflnenced by magnetic material in 
its neighbourhood, and therefore in practice should not 
be used near to articles made of iron or steel 

The variation of the compass and correction of its errors 
are matteis of piimary importance for aircraft pilots and 
are provided for by a special manual 

Component — A woid used to indicate the steps^ in 
their various directions, which must be compounded or 
combined geometrically in order to pioduce a given 
displacement For example a man going ten steps upstairs 
ariives m the same position as if he took ten treads 
forward on the level and then ten rises straight upwards, 
or equally if he first went up ten uses and then took ten 
treads forward The actual distance travelled is the 
oombinatiion of the horizontal distance and the vertical 
rise We call the horizontal distance and the vertical 
use the components and the actual distance the 
sum or the resultant of the components 

It IS evident that it is not necessary thac the components 
should be at right angles to each other as the horizontal 
and vertical aie Any displacement AC is the geometrical 
sum of the two components AB and BC, wherever B 
may be 

This analysis of displacement into components, or 
combination ot component displacements to form a 
resultant displacement, finds an efi:ective illustration in 
the effect of leeway on the performance of an craft 
The airciaft must necessaiily be carried along by the air 
in which it travels If we suppose AB to be the travel 
of the aircraft through the air in an hour, and BC to 
represent the travel of the wind m the hour, AC, the 
resultant, will represent the travel of the aircraft with 
reference to the fixed earth, or its performance BC is 
the leeway, AB is the headway made through the air. 
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Hence the performance is the geometrical sum of the 
headway and the leeway See Vector 



The law of composition of displacements which is thus 
set out IS equally applicable to the composition of 
velocities, accelerations, and forces The resultant is 
always the geometrical sum of the components, and to 
obtain the geometrical sum, set out a step or line 
representing the first component, then another step 
rpresenting the second component the resultant is the 
step from the beginning of the first component to the end 
or the second 

The simplest way of dealing with the magnitudes and 
angles which come into questions involYing geometrical 
composition is to make a scale-drawing and measure them 
with a rule and protractor That is generally accurate 
enough for most purposes, but the methods of the solution 
of triangles can be employed if high numerical accuiacy 
IS wanted ^ 

Condettsation.-- The piocess of formation of a liquid 
from its vapour bee AgiTBoua Vapour ^ 
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Gondliction.. — The process by which heat is trans- 
ferred by and through matter, trom places of high to 
places of low temperature, without transfer of the matter 
itself, the process being one of “ handing on ” of the heat- 
energy between adjacent portions of matter It is the 
process by which heat passes through solids , in fluids, 
although it occurs, its effects are usually negligible m 
comparison with those of CONVECTIOJST See also p 146 

OonvectlOU — In convection heat is carried from 
one place to another by the bodily transfer of the matter 
containing it In general, if a part of a fluid, whether 
liquid or gaseous, is warmed, its volume is increased, and 
the weight per unit of volume is less than before 
The warmed part therefore rises and its place is taken 
by fresh fluid which is warmed in turn Conversely, 
if it IS cooled it sinks Consequently, if heat is 
supplied to the lower part of a mass of fluid, the heat 
IS disseminated throughout the whole mass by convection, 
or if the upper part is cooled the temperature of the 
whole mass is lowered bj a similar process 

There aie two apparent and impoitant exceptions in 
meteorology. Fresh water, when below the temperatuie 
of 39 1° F , 377a , expands instead of contracting on being 
further cooled Hence a pond or lake is cooled bodily 
dowm to 39 F but no further, as winter chills the surface 
befoie it freezes Secondly, heat applied to the bottom 
ot the atmosphere may stay there without being dis- 
seminated upwards when the atmosphere is exceptionally 
stable in the circumstances explained undei ENTROPY 

Corona — A colouied ring, or a series of coloured rings, 
usually of about 5° radius, surrounding the sun or moon 
The space immediately adjacent to the luminary is 
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blnish-wliite, while this region is bounded on the outside 
by a brownish red iing, these two together forming- the 
“ aureole ” In some cases the aureole alone appears, hut 
a complete corona has a set of coloured rings surrounding 
the aureole, violet inside followed by blue, green yellow 
to red on the outside This series may be repeated several 
times outwards The coiona is piodueed by diffraction, 
that IS by the bending of rays ot light round the edge of 
small particles, in this case minute water drops but 
sometimes dust (see bishop’s ring) If the diffracting 
particlss are of uniform, size the colours aie puie a. ixiix- 
ture of many sizes may give the aureole only The more 
numerous the particles mvolved, the greater is the 
intensity of the colourc, while the radius of the corona is 
inversely proportional to the size of the particles Thus 
a corona whose size is increasing indicates that the watei 
particles are diminishing in size, and vice versa The 
corona is distinguished tiom the halo, which is due to 
REFRACTION, by the fact that the colour sequence is 
opposite m the two the red of the halo being mside, that 
of the corona outside 

Correction — The alteration of the reading- of an 
instrument in order to allow for unavoidable errors in 
measurement The measurement of nearly all quantities 
18 an indirect process, and generally takes the form of 
jading the position of a pointer or index on a scale 
When we wish to know the pressure of the atmosphere 
we read an index on the scale of a barometer , when we 
wish to know the temperature of the air we lead the 
position of the end of a thread of mercuirm a ther! 
mometer to deteimine a Mpht we use the piessure 
though the scale may be giaduated in feet or metrer ’ 
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Almost all measuiements are, in fact, ultimately re- 
duced to leading a position or length, on a giaduated 
scale and,geneially speaking, the reading depends mainly, 
it IS tiue, on the quantity which the instiument is in- 
tended to measure, hut also partly upon other quantities 
Thus the readings of barometers are generally affected by 
temperature as well as pressuie, those of thermometers 
bj alterations in the glass containing the mercury or spirit 
It is the object of the designer and maker of instruments 
to get rid of these disturbances of the reading as far as 
possible, either by the selection of special mateiials or by 
introducing some device wheieby the disturbing effect is 
automatically coriected In that case the error, and often 
the instrument, is said to be compensated 

But in most cases the amount of the erior has to be 
determined and allowed for by a suitable correction An 
ANEROID BAROMETER IS often compensated foi tempera- 
ture, and for a mercury barometer the effect of temperature 
IS made out and tabulated and a correction introduced, 
which IS derived from a table, when the temperature of the 
“ attached thermometei ” has been noted In a similar 
manner the coirection of a barometer reading for the 
variation of GRAVITY at different parts of the earth’s sur- 
face IS worked by means of tables, the variation of 
gravity with latitude having been previously reduced to a 
formula, by means of obseivations from which the figuie 
of the earth has been determined and the change of 
gravity has been ascertained 

In some measurements, such as the determination of 
height by the use of an aneroid barometer, corrections 
are numerous and complicated the uncorrected reading 
may even be only a rough approximation not sufficiently 
accurate for practical purposes 
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Oorrelatlon.--Two varying quantities are said to be 
correlated when their variations from their respective 

with^^eaclTother “autually connected 

A kind of measure of this connection is given bv the 
‘correlation coefficient ” This is a decimal lying between 
A h calculated Values of + 1 

ana of — 1 show that the two quantities are directlv or 
inversely proportional , that is to say, for any departure 
from the noimal ot the one quantity there is a corre- 
sponding depaiture from the normal of the other, alwavs 
always in the opposite sense On tL 

.a 1 ++1 nearly nothing show that there 

IS little if any connexion 

It may be of interest to state that the coefficient of 
correlation between the phases of the moon and the 
pressure at Greenwich is insignificant 
Modern statistical methods have been frequently applied 
to meteorological problems Mr W H Dines, F E S 
has used the method of coirelation with great success in 

the Meteorological Office in Geophysical Memoiis No 2 
s examples ol con elation coefficients we may give those 

at a height of 

frJm temperature of the air column 

irom 1 to 9 kilometres For different sets of observations 

to bld^wnT*^ inference 

variatf^^r coirelation coefficients is that the 

variations of temperature of the air column from 1 to 9 

top of S'a?®cM?mn^ dependent upon the pressure at the 
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Sir Gilbert Walker, of the Indian Meteorological 
Service, has used the method of con elation to predict the 
amount of the Indian Monsoon Rainfall He has also 
investigated the connection between sunspots and tem- 
perature, sunspots and rainfall, sunspots and pressure by 
statistical methods 

From various papers the following examples of correla- 
tion coefficients have been selected — 


— 

““ — — 

„ , 

Correla- 

tion 

Coefficient 

Number of 
Obseivations 

Variables Correlated 

49 

42 

(1867-1908) 

Height of Nile flood 
and South Ameri- 
can mem pressure 
in March, April, 
May 

- 47 

30 

(1880-1909) 

Rainfall at Java, 
October to March, 
with rainfall at 
Trinidad the fol 
lowing SIX months 

“ 43 

(1877-1910) 

Annual mean tem- 
perature at Cairo 
and annual mean 
temperature in Eng- 
land, S W , and 
South Wales 

- 62 

36 

(1875-1910) 

Mean pressure for 
March at Azores 
and in Iceland/ 


Reference 


G- T Walker, Cor- 
relation iQ Seasonal 
Variations of 
'Vyeather (Memoirs 
of the Indian Met 
Dept , Vol XXI , 
Part II) 

R 0 Mossman, South- 
ern Hemisphere 
Seasonal Correla- 
tions (Symons Met 
Mag, Vol 48,1913) 

J I Craig, a See-Saw 
of Temperature 
(Quar Journal, Roy 
Met Soc , April 
1915) 


J P Van del Stok 
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Correia 

tion 

Coefficient 



Number of 
Observations 

Variables Correlated 

Refeience 

78 

20 

(1891-1910) 

March. barometric 
gradient atZikawei 
(China) and July- 
August air tern 
perature at Miyako 
in N E J apan 

T Okada (Monthly 
Weathei Review, 
US A, Jan, 1916 ) 

~ 8i 

47 

(1869-1915) 

Mean pressure for 
March at JCew and 
rainfall total for 
same month at 
Kew 

E H Chapman, The 
Relation between 
Atmospheiio Pres 
sure and Rainfall 
(Quar Journal, Roy 
Met Soc, 1916 ) 

8o 

20 

(1896-1915) 

j Sunspot numbers 
and level of Lake 
Victoria 

MO MS 


Cosecant In a right angled triangle the ratio of the 
hypotenuse to one side is the cosecant of the angle opposite 
to that side , the ratio is the reciprocal of the sine See 

c f angled triangle the ratio of one 

them° between 

triangle the ratio ot 
S tir ’^igJit-aBgle IS the cotangent 

opposite the side taken as the divisor See 

Counter sun, — See Anthblion 
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Oumulo-stratus —The name given to a certain com- 
bination of cloud forms -which is no longer used in the 
international classification See CLOUDS 

Cumulus —The technical name of the woolpack cloud 
See Clouds 


Cvcloue. — A. name given to a region of low barometric 
pressure , now usually spoken of as a DEPRESSION or a 
LOW See Isobars 

Oyclostrophic.-See Gradient Wind 

•namn Air —As distinguished from dry air in me- 
teoroS, damp air implies a high degree of relative 
HUMIDITY (g V ) When its relative humidity equals or 
exceeds 85 per cent of saturation air may fairly be called 
damp It will deposit some ot its moisture in dry 
woollen fabrics, coidage or other hbious material, though 
its water will not condense upon an exposed surface 
until 100 per cent is reached Even the driest air of the 
atmospheie contains some water vapour, and its relative 
dampness or dryness can be changed by altering the 
temperatuie Thus the same air may be very diy at 
2 o’clock in the atternoon, and very damp, evert cloudy, 
at 8 o’clock in the evening, simply because its tempera- 
ture has been lowered At any time of the year, but 
especially m summer, the dampness of the air is subject 
to great changes 

Day Breeze —See Sea Breeze or Breeze 

Ti AWa ole Bi eakiiig up of the ice in the spring in 

iwrsand seas , it lasts from two to six weeks, and takes 
place between the end of Januaiy and the beginning 
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Sll J 7 according to locality The waters are 
» tlie end of Apiil-May At 

mnndaimg the country for miles around, sometimes 
carnage traffic-ferry-hoats taking then place 
This conddion may last for as long as three weeks 

vation« M ® f stations at which obser- 

vations of the “debacle” are taken The event takes 
place earliest in the Caspian, Black and Azov Seas it 
cLTrr of February, and the sea alo?g the 

March-the open sea 

Sen^ominm^T In the Pacific the 

phenomenon takes place in April, and the sea is clear by 

Si’ usually in March or the beginning of 

^ cleared by the beginning of May, but 
Mc.^v 7^^ this may occur even by the end ol 

Uleaborg the “debacle ” is later, there being 
® ^^y ’ *Iie Arctic Sea 

Si j” „e “* 

the occurrence takes place in 

it i7a bttta provinces In the St Lawrence 

It IS a little later, the river being free of ice in May 

^ojasity of air IS one of the things you 

aensity is a difficult word to explain because the numeri- 

composition of th7am, 
partly upon its pressme, and again partly upon its tern- 
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r>erature Thus it is often said that moist air or damp 
air IS ligfi-ter than dry air, -warm air is lighter than cola 
air and raiefied air is lighter than compressed air, an 
all ’these statements are true provided that in each case 
remember to introduce the condition “other things 

the density of a sample of air is to be understood 
the weight, or better, the mass of a measured volume, a 
cubic foot, 01 a cubic metre , and moist air is 
drY air in this sense that a cubic metre of periectly ary 
air weighs 1,206 grammes when its barometric pressure 
IS 1,000 millibais, 29 53 inches, and its temperature is 
289a (60 8^ F.), whereas if it were saturated air instead 
of dry air the cubic metre would weigh ljl9^ grammes 
But if the barometric pressure rose while the change iiom 
drY mr to saturation was being effected the density woul 
rise in like proportion , and if the temperature change 
the density would change in reversed proportion to e 
absolute temperature The formula for the density o 
air IS, theiefore, a complicated one 

Po ^ 


where 

A 

A 


18 the density to be computed, 

IS the density of perfectly dry air at pressure Po ^n 

29 53 m, and r„ = 290a then 

=: 1,201 g/m* 

p IS the barometric pressure m mb of the sample 
e is the pressure of aqueous vapour in the sample 
The following is a complete example of the deter- 
mination of the density of a sample of air from a reading 
of the barometer and wet and dry bulb thermometers 
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Dry bSb temperature ] ,010 1 mb (29 83 m ) 
Wfit VmiVi 285 8a (55 1° P ) 

2813a (47 0°P) 

(0239m^) humidity tables = 82 mb 

= 1,201 g/m®, 

A = 1,201 X y 290 

= 1.227 gM 

or 0 07b6 lbs per cubic foot 
Mte One gram per cubic foot is equivalent to 2 20 g/m® 
Since the reading of a barometer gives the messure nt 

XSeve? pi + 1 ^^ of air 

for level must^e madl^ ^ correction 

sziteSS|i-“’ir 

high pressure is warmer than in ^ 

the effect nt riTfF£i,.rivu ^ the low pressure, so 

balance the effect i teMerSS’^rnd^^^ counter- 

density of a cohiTTin nf “ consequence the 

accompanying weather ^ pi*essure with the 
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The following are the average pressures, temperatures 
and densities of air at diffeient levels above high pressure 
and low pressure respectively m the British Isles accord- 
ing to the results obtained with registeimg balloons by 
Mr W H Dines, FES 

Table oe average values of the pressure, tem- 
per, ature AND density op AIR IN A REGION OP 
HIGH AND OP LOW PRESSURE 


Height 


looo-ft k 
32 809 10 
29 528 9 
26 247 8 
22 966 7 
19 685 6 
16 406 5 
13 124 4 

9 843 3 

6 562 2 
3 281 I 
o o 


High PreasTiie 

Low Pressure 

Pres 

sure 

Temp 

Density 

Pres- 

sure 

Temp 

Densit Y 

mb 

a 

gjm? 

mb 

a 

g/m’ 

273 

226 

421 

247 

225 

382 

317 

233 

474 

288 

226 

444 

366 

240 

531 

335 

227 

514 

422 

247 

595 

388 

232 

583 

483 

254 

662 

449 

240 

652 

552 

261 

736 

516 

248 

724 

628 

267 

818 

591 

255 

807 

713 

273 

911 

675 

263 

893 

807 

277 

1012 

767 

269 

992 

913 

279 

1137 

870 

275 

1100 

1031 

282 

1270 

984 

279 

1226 


The densities quoted above aie calculated on the 
assumption that the lelative humidity is 75 per cent 
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densities of a few other substances 
Hydrogen fdrv^ SK74 „i,v,3 


88 74g/m^ 

1,953 g/m^ 
lOOOg/cc (at 277a) 

1 01 to 1 05 g/cc 
13 596 g/ce (at 273a ) 
0 68 to 0 72 g/co 


*Hydrogen (dry) 

*Caihonic acid gas fdrvl 
Water 
Sea watei 
Mercury 
Petrol 

See also under Btjotanct 

surroundp(f^°<lJ.~”ti barometric piessuie 

nnciGCl on all sidos by bierber nrocisnrf'cj Qpft 
ISOBAES, and Plate XI ^ pressures bee 

^ glass, leaves, &c, when they 

mobt^tos^i!'^’ fieat to the sky on a deal 

temperature is belX 
them suirS 

process of the foimation of dew is 
glass of^:^e cooled^^ 'which operates when a 

indooS or w?p,? ^ ^afer drops 

thSTtJsav^^l^T^® temperature of saturation of air, 

ShS iTtW fo?^ condpnsation, 

Xhe free air or^ Pl^oo 

.nclasV"l,rA,S',,„“ ^IpSr ** “ “ 

alWmff —The power of 

SmI wly £t'LS® f P^«^ tto 

y light passes through glass Roc k salt is 

At a pressure of 1,000 tub and temperature ot 27da 
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peculiarly diathermanous, water, on the contrary, and 
glass are not 

All forms of energy which are radiated ” and in 
connection with which the word ‘‘ ray ” is used, such as 
rays of light, heat rays, X-rays, radio-telegraphic rays, 
travel by wave motion and have some properties in 
common One of the most characteristic is that described 
as transpaiency and opacity with regard to light But 
the same substances are not similarly transparent for all 
kinds o£ rays X-rays and electric rays make no difficulty 
about going through walls which stop light , and sound- 
waves often find a way where light cannot follow The 
question of transparency and opacity for different kinds 
of rays is one of bewildering complexity The study of 
Diathermancy deals with that part of the subject which 
IS concerned with the transmission of heat in the form of 
wave motion 

Diffraction. — The process by which rays of different 
colour are separated one from another when a beam 
of light passes an obstacle of any shape In reality the 
shape of the obstacle must be carefully chosen in relation 
to the shape of the beam to make the phenomenon easily 
apparent Perhaps the simplest experiment is to draw a 
greasy finger across a platie of glass and to look through 
the glass at the bright line of an incandescent electric 
lamp, taking care that the plate is turned so that the lines 
left by the finger on the glass aie parallel to the bright 
line Those who are unfamiliar with the experiment 
will be surprised at the brilliancy of the colours which 
are produced by the simple process In more scientific 
form when the lines are ruled regularly on the glass by a 
suitable dividing engine we get a diffraction-grating, one 
of the most delicate of all optical instruments 
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For scientific experiments in diffraction either a bright 
line of light formed by a slit in front of a lamp with a 

^ a circular 

obstacle may be used, and many remarkable results can 

fh/a simple means For example, when 

the dista,nces are properly adjusted a bright spot will be 
found at the central point of the shadow of a circular 
disc, thrown by a bright point of light, and again on 
looking past a needle at a line of light parallel to the 
needle a great play of colours will be seen 

b-n-T, diffraction are explained by the 

hypothesis that the actual transmission of light is not a 

stiaight lines from 
any luminous point, but the spreading out of waves with 

luminous point 
tJie atmospheie principally by the 
moon, and 

sometimes also by the IRIDESCENCE of Clouds 

molecular process by which 
ETew. ml ?P'*® differences in 

come mtn -ni^-tr forces 01 motions which 

illnsTrfltpd K ym diffusion are perhaps most effectively 
tama Us with which the mixture main- 

nlale * Fnr ®^®® mixing has taken 

Lnarate In-^rer Af^+L^’ lighter than water and a 

3^. ^ fio^ted on the top of 

will thel^sWl”’^® manipulation The spirit and water 
SnS diffusion, even if there be no 

tul thermal convection or mechanical opeia- 

seX tr+L^LAU 'vater to 

settle to the bottom and leave the whisky in a separate 
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layer at tlie top Once mixed tke^^ are mixed foi ever, 
owing to the power of diffusion. 

The piocess of diffusion follows certain definite rules, 
which are similar in type to those for the diffusion of 
heat by thermal conduction, and the diffusion of velocity 
through a viscous mass, but it takes so long a time for any 
appieciable effect to be pioduced, that in practice diffu- 
sion only completes the process of mixing which has been 
begun by stirring or convection Major G I Taylor has 
recently shown that in the atmospheie mixing by tur- 
bulent motion (see Eddy) follows a similar law, but with 
a different chaiacteristio constant that brings diffusion 
by turbulent motion among the operative forces m 
Meteorology 

Diurnal — The word, which means “ recurring day by 
day,” IS used to indicate the changes in the meteorological 
elements which takeiilace within the twenty -four hours of 
the day Thus, b> the diurnal change of pressuie is meant 
a slight rise of the barometiic piessuie between about 
4am and 10 a m , and between 16 h (4pm) and h 
(10 pm) with coriespondmg falls between In this 
change it is the “ semidiurnal ” variation which is the 
most striking because it occurs (with different intensity) 
all lound a whole meridian simultaneously, and sweeps 
round the globe from meridian to meridian about three 
and a half hours in front of the sun 

Other elements also show noteworthy dim nal variations 
We give heie diagrams showing the dim nal variation of 
pressure, temperature, humidity and wind velocity at 
Kew foi January and July as representing winter and 
summer respectively 
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D(^dru2llS The equatoiial belt of calms and h^ht 

StqLTl?’ thunderstorms 

Nortli\nd ^mifh , the sun in his movement 

S the sm S?ii’ ^ I*® movement is not so great as that 

ot the sun, and lags behind it by one to two months 

Drougllt —Dryness due to lack of ram A ceordmo- to 
British Hamfall Organization^ an 

daSmthSn h ^ consecutive 

dll rS r of an inch of ram on any one 

98^0 ^ f partial drought is a period of more than 

Sceed Tl mch mean rainfall of which does not 

1 ^ ^ fall foi the 28 days 

at most barely exceeds a quarter of an inch ^ 

V words are used m two senses In a 

^r?es°no^Sef air means air that 

IS used for the ‘^^BOtir at all, but in ordinary practice it 

nronortio^ of wnte contains a smaller 

proportion of water-vapour than usual Water evanorates 

from wet surfaces exposed to the air unleS thl atmof 

~d..«p, maAn u/SMMS,“ 60 per™»r 

* present weather.” ^ reporting the 
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Dry Bulb De^remon of Wet-bulb 

a a 

271 or below 1 

273 (F P ) or la above oi below 2 

275—281 3 

282-292 4 

293—305 5 

above 305 5^ 

It IS found fiom the hooily readings of the Meteoiological 
Office Obseivatoiies that out of a thousand hours Aberdeen 
has 37 hours of dry air ” thus defined, Valencia 6, 
Falmouth 19 and Kew 90 Had the limit been set at 50 
pel cent instead of 60, the hgures would have been only 
4, 1, 1 and 19 lespectively (see p 224) 

Dry bulb — A curious name given to an ordinary 
thermometei used to determine the temperature of the 
ail, in Older to distinguish it from the wet bulb No 
special precautions are taken to keep a “ dry bulb ” dry 
beyond protecting it from falling ram in a screen But 
it IS true enough that if the dry bulb gets a film of water 
upon it by condensation it will not be in a proper con- 
dition to record the temperature of the air until it has 
got quite dry again 

Dynamics — The study of the motion of bodies in 
relation to the forces which control the motion The 
fundamental principle of dynamics is that if a moving 
body is let alone it will go on moving It is a vulgar 
error to suppose that it will stop 
Dynamic Cooling — The fall of temperature which 
occurs automatically throughout a mass of air when it 
expands on the release of piessure (See Adiabatic) 
Examples of the expansion under reduced pressure and 
consequent cooling are to be found in the flow of air up 
a mountain slope with the formation of cloud at the top 
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Eartll - TliGrmoillstGr — A mei cury - thermometer 
suspended in a tube sunk into the earth, or an electrical 
resistance thermometer buried in a trench— usually at 
depths of one foot and four feet — for measuring the 
temperature of the ground See OUerve'i ’s Eandhooli 


Eddy. The 'N\’'ater that by some interruption in its 
course runs contrary to the direction of the tide or current 
(Adrn Smyth) , a circular motion in water, a small 
whirlpool,” -according to the New English Dictionary 

Eddies are formed in water whenevei the water flows 
rapidly pa^ an obstacle Numbers of them can be seen 
as little whirling dimples or depressions on the surface 
close to the side of a ship which is moving through the 
water In the atmosphere similar eddies on a larger 
scale are shown by the little whirls of dusfc and leaves some- 
times formed at screet corners and other places which 
present suitable obstacles The peculiarity of these wind 
eddies is that they seem to last foi a little while with an 
independent existence of their own They sometimes 
attain considerable dimensions and, in fact, they seem to 
pass by insensible degrees from the corner eddy to the 
wnirwmd, the dust-stoim, the waterspoutj the tornado, 
the hmricane, and finally the cyclonic depression It 
IS not easy to draw the line and say where tbe 
mechanical effect of an obstacle has been lost, and the 
creation of a set of parallel circular isobars has begun, but 
it serves no useful purpose to class as identical phenomena 
corner eddy twenty feet high and six feet wide 
and the cyclonic depression a thousand miles across and 
three or four miles high 

The special characteristic of every eddy is that it must 
have an axis to which the circular motion can be referred 
ihe axis need not be straight nor need it be fixed in shape 
or position The best example of an eddy is the vorteL 
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ring or smoke iing whicli can be produced by suddenly 
projecting a puff of air, laden with, smoke to make tbe 
motion visible, through, a ciicular opening In that case 
the axis of the eddy is ring shaped , the circular motion 
IS through the iing in the direction in which it is travelling 
and back again round the outside The img-eddy is very 
durable, but the condition of its durability is that the axis 
should form a ring If the continuity of the ring is 
broken by some obstacle the eddy rapidly disappears in 
irregular motion 

It IS on that account that the eddy motion of the 
atmosphere is so difficult to deal with When air flows 
past an obstacle a succession of incomplete eddies aie 
periodically formed, detached, disintegrated and reformed 
Theie is a pulsating formation of ili-dehned eddies The 
same kind of thing must occur when the wand blows on 
the face of a clifP, forming a clifif-edd^? with an axis, 
roughly speaking, along the line of the cliff and the 
circular motion in a vertical plane 

Whenevei wind passes over the ground, even smooth 
ground, the air near the ground is full of partially formed, 
rapidly disintegrating eddies, and the motion is known as 
turbulent, to distinguish it from what is known as stieam- 
line motion, in which theie is no circulai motion The 
existence of these eddies is doubtless shown on an 
anemogram as gusts, but the axes of these eddies are so 
irregular that they have hitherto evaded classification. 
Ii regular eddy motion is of great importance in meteoro- 
logy, because it represents the piocess by which the slow 
mixing of layers of an takes place, which is an essential 
part in the production of thick layers of fog Moreover, 
all movements due to convection must give use to cuirent 
and return cuirent which at least simulates eddy motion 
Electrometer.— An mstmment for measuring elec- 



93 


Glossary 


Lf ’ T difference An ordinary 

Sd fiLwt . electromotive force of at least a volt 
coiresponding potential-differeuce on an 
to ttio oio t ^ poles of the battery are connected 

A fnllv (°cririecting clamps) of the electrometer 

difference of secondary battery shows a polential- 
?he mofnd 1 two volts In the atmosphere near 
tentfi Tff ® average at most stations, a po- 

levS of exceeding 100 volts foi a difference of 

It can L f e« electrification of the air 

match <?r s, wff f electrometer using a burning 

“collectoi ” f active substance as 

measured in potential-difference in the atmosphere 
The notenhllTff'® especially during ram 

betwLn twf if to cause a spark 
at orrIinavi 7 ^netal balls through one centimetre of air 
at ordinary pressure is about 30,000 volts which suffs-ests 

caarge ot liglitning are enormous 

frequently in meteorology in the 

S to de^etof a cyclone is 

exhibited hv a energy when its character, as 

winds bee^mL^Z ^®’'®“'®ter, steep gradients and strong 
dySmicllTmc cfif ^ technical 

tiSTeauiref fnlf ® 

more general whff^+f "which must become 
phenomena of ^ Physical explanation of the 
Lfa S ™bZ? ^ ® '‘It the pheno- 

The most important conception with regard to eTicrffTr 

eUrgyfwtodifre mutSn?’ potentfa^ 
gives a idff “’^tiudly convertible A clock-weight 
g a ,,ood idea of potential energy When the ctock 
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IS wound up the weight has potential energy m virtue of 
its position , it will utilise that energy in driving the 
clock until it IS “ran down” and can go no further 
Potential energy must be restored to it by winding up 
before it can do any more driving The potential energy 
m this case is measured by the amount of the weight and 
the vertical distance through which it is wound up In 
dynamical measure the potential eneigy of the raised 
weight IS mgli^ wheie m is the mass of the clock-weight, 
h the vertical distance thiough which it is wound up, 
g the acceleration of gravity It is to the mysterious 
action ol gravity that the eneigy is due — hence the 
necessity for taking giavity' into account in measuiing 
the energy 

Dsiug the simple iiroduct mgh as a measure of the 
potential energy of gravitation, by a simple' formula for 
bodies falling freely under the action of gravity, we 
have 

mgh = 

where v is the velocity acquned by a body falling through 
a height or, speaking m terms of eneigy, by losing the 
potential energy of the height h It thus obtains a 
cei tain amount of motion which represents kinetic energy, 
in exchange lor its potential energy The kinetic energy 
IS expiessed by the apparently artificial formula ^ 

In virtue of its motion it has the power of doing “work” : 
if it were not for unavoidable friction the mass could 
get itself up-hill again thi ough the height h by the use 
of its motion, and thus sacrifice its kinetic energy m 
favour of an equivalent amount of potential energy 

The exchange of potential and kinetic energy can be 
seen going on in a high degree of perfection in a swinging 
pendulum At the top of the swing the energy is all 
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potential, at the bottom all kinetic The swings get 
gradually smaller because in every swing a little of the 
energy is wasted in bending the cord or in ovenjoming 
the lesistance of the air. 

What we get m return for the loss of energy in friction 
IS a little HEAT, and one of the great conclusions of 
physical science in the middle of the nineteenth century 
was to show that heat is also a form of energy but a very 
special form, that is to say, its transfoimation is subject 
to peculiar laws Heat is often measured by rise of 
temperature of water (or its equivalent in some other 
substance) Calling this form of energy thermal energy 
and measuring it by the product of the “ water equivalent,” 
M, and the rise of temperature produced therein, 

we have thiee forms of energy all convertible undei 
certain Jaws, viz — 

Potential energy mgh 

Kinetic energy ^ 

Thermal energy M {A-- A,) 

We have mentioned only a lifted clock-weight as an 
example of potential energy, but there are many others, a 
coiled spring that will fly back when it is let go, com- 
pressed gas in a cylinder that will drive an engine when 
It IS turned on, every combination, in fact, that is dormant 
until it IS set agoing and then becomes active 

Prom the dynamical point of view, the study of natuie 
IS simply the study of transformations of energy 

In meteorology kinetic eneigy is represented by the 
winds ; potential energy by the distribution of pressure at 
any level, by the electrical potential of the air and by the 
varying distribution of density in the atmospheie, causing 
convection , theimal energy by the changes of temperatuie 
due to the effect of the sun or other causes It is the 
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study of tlie interchange of these forms of energy which 
constitutes the science of dynamical meteorology 
Entropy —A term introduced by E Clausius to be 
used with tempei ature to identify the thermal condition 
of a substance with regard to a transformation of its heat 
into some other form of energy It involves one of the 
most difficult conceptions in the theory of heat, about 
which some confusion has arisen 

The transformation of heat into other forms of energy, 
m other words, the use of heat to do work, is necessarily 
connected with the expansion of the working substance 
under its own pressure, as in the cylinder of a gas engine, 
and the condition of a given quantity of the substance at 
any stage of its operations is completely specified by its 
volume and its pressure Generally speaking (for example, 
in the atmospheie) changes of volume and pressure go on 
simultaneously, but for simplifying ideas and leading on 
to calculation it is useful to suppose the stages to be kept 
separate, so that when the substance is expanding » the 
pressure is maintained constant by supplying, in fact, the 
necessary quantity of heat to keep it so, and, on the other 
hand, when the pressure is being varied the volume is 
kept constant , this again by the addition or subtraction 
of a suitable quantity of heat While the change of 
pressure is in progress, and generally, also, while the 
change of volume is going on, the temperature is changing, 
and heat is passing into or out of the substance. The 
question arises whether the condition of the substance 
cannot be specified by the amount of heat that it has in 
store and the temperature that has been acquired just as 
completely as by the pressure and volume 

To realise that idea it is necessary to regard the 
processes of supplying or removing heat and changing the 
temperature as sepaiate and independent, and it is this 
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step tliat makes tke conception useful and at the sam 
time difficult 

For we are accustomed to associate the warming of . 
substance, % e , the raising of its temperature, with supply 
ing it with heat If we wish to warm anything we put i 
near a fire and let it get warmer by taking m heat, but ii 
thermodynamics we separate the change of tempeiatur< 
from the supply of heat altogether by supposing th< 
substance is “working” Thus, when laeat is suppliec 
the temperature must not rise , the substance must do . 
suitable amount of work instead , and it heat is to b( 
removed the temperature must be kept up by working 
upon the substance The temperature can thus be kep 
constant while heat is supplied or removed And, on th 
other hand, if the temperature is to be changed it mus 
be changed dynamically not thermally, that is to say, b^ 
work done or received, not by heat communicated o 
removed 

So we get two aspects of the process of the transforma 
tidn of heat into another form of energy by working 
first, alterations of pressure and volume, each mdepend 
ently,the adjustments being made by adding or removing 
heat as may be required, and secondly, alterations of hea 
and temperature mdependently, the adjustments bem^ 
made by work done or received Both represent th< 
process of using heat to perform mechanical work or me, 
versa 

In the mechanical aspect of the process, when we af* 
considering an alteration of volume at constant pressure 
V ^o) IS the work done, and in the thermal aspect o 
the process is the amount ot heat disposed oi 

There is equality between the fcwo 

But if we consider more closely what happens in thi 
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case we shall see that quantities of heat ought also to be 
regarded as a product, so that should he expressed 

as T wheie T is the absolute temperature and 0 the 

entropy 

The reason for this will be clear if we consider what 
happens if a substance works under adiabatic conditions, 
as we may suppose an isolated mass of an to do if it rises 
automatically in the atmosphere into regions of lowei 
pressure, or conyersely if it sinks In that case it neithei 
loses nor gams any heat by simple transference across its 
boundary , but as it is working it is drawing upon its 
store of heat, and its temperature falls. If the process is 
arrested at any stage, pait of the store of heat will have 
been lost through working, so in spite of the adiabatic 
isolation part of the heat has gone all the same From 
the general thermodynamic properties of all substances, it 
IS shown that it is not the store of heat, that lemains 
the same in adiabatic changes, but HjT, the ratio of the 
stole of heat to the temperature at which it entered We 
call this ratio the entropy^ and an adiabatic line which con- 
ditions thermal isolation and therefore equality of entropy 
IS called an isentiopic If a new quantity ot heat li is 
added at a tempeiature T the entropy is increased by hj f 
It it IS taken away again at a lower temperature T the 
entropy is reduced by hjT 

In the technical language of theimodynamics the 
mechanical work for an elementary cycle of changes is 
dv, and the element ot heat cT The conveision 
of heat into some other form of energy b;^ working is 
expressed by the equation 

dT 60 = 8p dv 

when heat is measured in dynamical units. 


13204 


I) 


Glossary, 

It IS useful in meteorology to consider these aspects of 
the science of heat although they may seem to be far 
away fium ordinary experience because, from certain 
aspects, the problem of dynamical meteorology seems to 
1^ more closely associated with these strange ideas than 
those which we regard as common Foi example, it may 
seem natural to sujjpose that if w^e could succeed in com- 
pletely churning the atmosphere up to, say, 10 kilo- 
metres (6 miles) we should have got it uniform m 
temperature or isothermal thioughout That seems 
reasonable, because if we want to get a bath of liquid 
unitorm in temperature throughout we stir it up , but 
it m not true In the case of the atmospheie there is the 
pressure to deal with, and, m consequence 
or that, complete mixing up would result, not in equality, 
but in a differrUce of temperature of about 100° C between 
mp and bottom, supposing the whole atmosphere dry 
Ihe resulting state would not, in fact, be isothermal ; the 
ternperature at any point would depend upon its level 
and there would be a temperature difference of 1° 0 
xor every hundred metres But it wmuld be perfectly 
isentropic The entropy would be the same everywhere 
throughout the whole mass And its state would be 
^ery peculiar, for if you increased the entropy of any 
part of it by warming it slightly the warmed portion 
wmuld go right to the top of the isentropic mass It 
would find itself a little warmer, and therefore a little 
lighter specifically than its environment, all the way up 
in this lespect we may contrast the properties of an 
isentropic and an isothermal atmosphere In an isen- 
tropic atmosphere each unit mass has the same entropy 
at all levels, but the temperatures are lower in the upper 
©ve s, in an isothermal atmosphere the temperature is 
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the same at all levels, but the entiopy is greater at the 
highei levels 

An isothermal atmosphere lepiesents great stability as 
legards veitical movements, any portion which is earned 
upwaid mechanically becomes coldei than its suiioundings 
and must sink again to its own place, but an ISBNTROPIC 
<it:mosphere is m the cuiious state ot neutral equilibrium 
which IS called “ labile ” So long as it is not warmed oi 
cooled it is immaterial to a particular specimen v/heie it 
hnds itselt, but it it is waimed, evei so little, it must go 
to the top, or cooled, ever so little, to the bottom 

In the actual atmosphere above the level of ten kilo- 
metres (moie or less) the state is isothermal , below that 
level, m consequence ot convection, it tends towaids the 
iseiitiopic state, but stops shoit of reaching it by a variable 
amount in different levels The condition is completely 
defined at any level by the statement of its entropy and 
its temper atm e, together with its composition which 
depends on the amount of water-vapour contained in it 

Speaking in general terms the entropy increases, but 
only slightly, as we go upward from the surface through the 
TROPOSPHKRB until the STRATOSPHERE IS reached, and 
from the boundary upwards the entropy increases rapidly 

If the atmosphere were free from the compliLatioris 
aiismg from the condensation of water- vapoui the defi- 
nition ot the state ot a sample ot air at any time by its 
temperature and entiopy would be comparatively simple 
High entiopy and high level go together , stability 
depends upon the an with the largest stock oi entropy 
hating found its level In so far as the atmosphere 
approaches the isentiopic state, results due to convection 
may he expected, but in so far as it approaches the 
isothermal state, and stability supervenes, convection 
becomes unlikely. 
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Equation of Time — The mtei^val between two 
suceessive transits of the sun over the meridian is the 
true solar day, and the time based on this length ig called 
apparent time The length of the true solar day varies 
at diffei eut times of the year, and to avoid the inconveni- 
ence of want of uniformity in the length of the clay, an 
imaginary body called the mean sun may be supposed to 
revolve uniformly round the Earth and complete each 
revolution in a time equal to the aveiage length ot the 
true solai day, the time lef erred to this standard is 
called mean time To oonveit mean time into apparent 
time, and vice versa, the correction known as the eqnation 
of time must be applied The equation of time varies at 
different times of the yeai , its value may be obtained 
from the Nautical, oi other Almanac Bee also OhseTver\ 
Handhuoh, 

Equator — “ The line ” of sailors An imaginary line 
on the earth’s surface separating the noithern hemisphere 
from the southern hemispheie The use of the word 
‘‘hemisphere” suggests that the earth is regaided as a 
sphere, and on a spherical globe representing the earth 
the equator is the line formed by the intersection with 
the surface of a plane drawn at i ight angles to the polar 
axis and bisecting it 

The position of the equator is identified by the vertical 
or plumb line being at right angles to the polar axis, and 
any complications introduced by the irregulaiity o± the 
hguie of the earth have to work from that datnm 
measured from the equator northward through 
iO to the North pole, southward through 90° to the 
South pole 

By geodesic calculation it has been found that the 
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diametei of the globe liom a point of the equatoi to itH 
antipodes ib 13,756,776 metres, wheieas the polai axis 
IS 12,713,818 mefcies 

Equatorial — Ongmally only ah adjective derived 
fiom equator, thus, the equatorial legions are the legions 
in the neighbouihood of “the line,” but a meteoiologist 
thinks of them as legions of rather low atmospheric 
pressuie lying between the two belts oJ high ])iessui(‘ 
which are found in eithei hemispheie just north oi south 
of thetiopics In this region the rotation of the eaith 
has little 01 no influence in adjusting the wind to balance 
the distiibution of pressure The adjustment necessary 
toi peisistence can only be i cached hy the curvature oL 
the ail’s path It is peihaps for that reason that the 
legions about ten degrees north and south of the Equator 
are the legions in which tiopical revolving stoims oiiginate 

The adjective has also come to be used witJi legard 
to wind to mean a wind that is composed of air which 
has come fiom lower latitudes, whatever may be its 
direction at the time, as distinguished horn a polai wind 
which IS composed of air that has tiavelled tiom highet 
latitudes Typical equatoiial winds aie generally from 
iSouth-West 01 between South and West, and Polar winds 
fiom North-East oi between North and East It is a 
question of considerable meteorological inteiest to con- 
sidei in special cases whether a Bouth-East wind or a 
North-West wind is actually equatoiial oi polai Equa- 
toiial winds aie generally warm, polai winds cold, but 
north-easterl;y winds aie sometimes vei> warm and some- 
times very cold , a north-wester almost always cold. 

* U B Ooabt and Geodetic Survey 
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EquililDriuua*— Propeily speaking, the balancing of 
two or more forces in such a way that the combined effect 
IS the same as if there were no forces acting at all, so that 
the body upon which they act, if at rest, remains at rest 
and if in motion, it goes on moving without any altei ation 
of its velocity In the case of a hammock slung by a 
cord at each end, the forces acting along the cords and the 
weight balance each other and the hammock with its load 
IB supported at rest It is, therefore, not unusual to say 
that the load is in equilibrium, but it is an unfortunate 
use of the word because the state of rest is only a special 
case In meteorology we are very frequently concerned 
with equihbiium of foices associated not with rest but 
with the uniform motion of the body upon which they 
act For example, raindiops are all impelled downwards 
by then weight, and their motion is resisted by the an 
through which they move, and after a veiy biief interval 
from the start the lesistance of the an balances the weight 
and the diops fall with a uniform^ speed (which depends 
upon their size) as if there were no longer any giavity oi 
any an The same is equally true of a falling bomb, but 
the time required to leach the limiting velocity is much 
greater From the moment of its release it acquiies 
velocity from its ^ eight, but if the height is sufficiently 
great it reaches a limiting velocity when the weight is 
balanced by the friction of the an and no furthei increase 
of velocity occurs 

So, on the other hand, a piioi balloon uses with a 
uniform velocity as soon as the balloon is moving upwards 
fast enough for the buoyancy of the balloon, the weight 


Mh W. H Dines points out that the speed is not stiiotly unifoim 
but diminishes wiuh the increasing density the air in the lower layers* 
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the balloon and the friction of the air to get into 
ailibrinm 

3o, also, m the case of a tram lunning with uniform 
3 ed along a level , the rails push the tram forward, the 
jistance of the air holds it back , there is equilibrium 
iidi we recognise by the fact that the speed is uniform 
There are some other cases m which the woid eqnili- 
tum IS used that are more difficult It is sometimes 
d, for example, that theie is equilibrium between the 
ad velocity and the barometric gradient, but it; is a 
culiar kind of equilibi lum the wind is kept moving 
thout change of speed in a great circle of the eaith but 
t m a straight line through space The balance of 
^ces m this case is the same as that which obtains when 
3 consider the motion of the moon round the earth, the 
rce of gravitation on the moon is balanced ” by the 
Don’s motion, a convenient form of expression but one 
Dich requires some explanation before its meaning is 
Lite clear 

Equinox — The time of the year when the astionom- 
il day and night are equal, each lasting twelve houis 
. the equinox the sun is “ on the Equator ” oi is cross- 
g the line ” It is on the horizon m the moinmg 
actly m the east, and exactly in the west m the 
enmg all over the world Sunrise occurs at the 
me time all along a meridian The sun is visible by 
fraction for a little longer than the duration of the 
tronomical day 

There are two equinoxes The spring or vernal equinox 
>out the 21st March, and the autumnal equinox about 
e 22nd September The currently accepted phrase 
equinoctial gales” indicates that the equinoxes are re- 
.rded m some quarters as the times of the year when gales 



104 - 


Gto&sary, 


are specially fiequent , but on our coasts the equinoxes 
mark the beginning and the end of the season of gales 
rather than its culmination. Winter is leally the season 
for gales 

Erg — See undei Ee iT 

Error. — In all the sciences dependent upon obsei vation 
of the size or things the word eiroi lias a numeiical Bense 
which must not be confused with the ordinary tiiYial 
sense of a mistake oi fault Errors in the Littei scnne 
have to be avoided by skill and caie, so they nevei occui, 
or baldly ever , but when everything possible in thai 
respect has been done theie are always errors in the 
technical sense, due to impeifections of the instiumenl, 
01 its adjustment, oi to di&cuhy arising from changes in 
the element while it is being measmed In this sense 
error is difference between the reading of the assumed 
measure and the true measuie of the element The size 
of the residual erior is a good indication of the degree of 
nicety to which the measurement can be earned Pi essure 
IS the only meteorological element which is read to u 
very high degree of accuracy, such as one hundiedtb. per 
cent. , the temper atuie of the air can be read fco the tenth 
(ff a degree, oi within less than one pei cent , leckoning 
on the absolute scale, as one must do for all calculationB 
of density, but the temperature of the air is not ‘‘ known 
to that degree of accuracy, because it is subiect to local ant] 
temporary fluctuations An accuracy within one per cent 
or even five per cent is often acceptable 

What is aimed at is to improve the instruments and the 
methods of leading, so that there is no systematic error 
that IS to say, no error that is known always to be present 
and to affect the measurement in the same way 
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When fcliat stage has been leached, and we have no 
good reason tor thinking that the figure given by the 
leading is m any way biassed, we have wfiai is called 
the lesidual error which has Deen made the subject oi 
prolonged study, and has led to the application oi the 
laws ot mathematical piobability These have a leai 
practical application in all cases where we deal with veiy 
laige numioei’S ot observations 

In that case the irequencA ot occiiuence ot eriois of 
given magnitude follows a well-known law called the 
Jaw oi eiioi, fiom which we are able to compute what 
!h called the ‘‘probable eiror” of an obsei vation, a leini 
winch iiequently occurs It only means that in any 
paiticulai case the actual erroi is no rnoio likely to be 
greater than the “piobable erioi ” than it is to be less, so 
thai the chances of the erroi ])eing as gieat as the 
probable eriors aie one m two 

The chances ol an eiroi being twice the probable erior on eithei 
bide of the true valuejare 10 in 57, toi three times 10 in 2 ■IS, while for 
tour times the probable eiior the chances are 1 in 1 [7 and foi live 
times 1 in l,o88 II the chances of an erioi on one side only aie 
re<i lined the second ot each pan of fignies given above must be doubled 

The study ot laws ot eiioi is ot great piactical un- 
])()iiance ui all actuarial questions, and now torins pait 
ot the science ot statistics There aio vanoiis toims ol 
uumeiical eiioi that call loi notice In dealing watb 
accniate timing, toi example, by means of a clock oi 
thionometer, there is the mclez eiror, oi clock error, and 
the* mte eiror, the amount b\ which the clock is gaixnng 
Ol losing Eveiy instrument is liable to index erroi, on 
account ot the index being inaccurately set, and every 
instrument is also liable to a scale error, on account ot 
the scale being irnpertoctly graduated Before trusting 
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itoplicitly to the readings of any instiument it is desirable 
that the user of it should become acquainted Tvith its 
Vays and habits m respect of error. This is particularly 
the case with instruments used by aviators, namely, 
altimeters, anemometers, aneroids, compasses, and so on 


Eva-poration. — ^The process of conversion of water 
from the liquid to the gaseous form at the free suiface of 
TOter in the presence of air, or from the solid to the 
gaseous form from the surface of ice It expresses itself 
by the gradual disappearance of drops of dew after sun- 
nse, the drying of roofs and roads after ram, the loss of 
water from cisterns and reservoirs in drought There is 
also copious evaporation from the stomata of the leaves of 
plants 


The atmosphere is very rarely completely satuiated, so 
tnat evaporation is always gomg on when water surlaces 
Me freely exposed The rate of evaporation depends upon 
a number of conditions One of the chief is the “ drying 
power of the air and is represented, by the difference 

water-vapour which would 
^turate it and the amount which it holds at the time 
tnat again de;^nds on the relative humidity and the 

a,ir below the freezing 
of small but, in spite of that, the disappearance 

of snow by evaporation is surprisingly rapid 

condition is the nature of the 
plaer^ n evaporation takes 

Lim r if ^ cleanliness of the surface 

SlSm realfeT^^^ very 

film “ « practice, to the complete superficr^ 

im of oil which arrests evaporation altogether Besides 
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these conditions, temperature and wind have to be con- 
sidered, so that the measuie of evaporation is the end. of a 
very intricate story Still, in div countries hke Eg“ypt 5 
South Africa and Australia it is a mattei of serfons 
economic importance It is geneially given on the 
analogy of rainfall as the depth of watei evapoiated 
Some results are given on page 107 
The differences shown in this table illustrate qnit<^ 
forcibly the influence which evaporation may exercise 
upon climate, but the figures must not be taken as strictly 
comparable as the actual amount of evapoi’ation depends 
upon so many conditions The measmements given for 
E^ypt are taken from a Wild’s gauge which holds only a 
small body ot water and gives a high figure for evapoi ation 

See Keeling Evaporation in Egypt and the Sudan (1909“) 

Craig Cairo Scientific Journal, May (1912) 


Expansion. — The meiease in the size of a sample o£ 
material, which may be due to heat or to the i elease of 
mechanical strain, or the absorption ot moisture or some 
other physical oi chemical change 
The Size may be taken as the length oi volume some- 
times as the aiea In the science of heat the tiactional 
increase of length oi volume foi one degree of tem- 
^rature is called the coeflicienit of thermal expansion, 
Ihus, the co-efBcient of ‘Mmear expansion with heat of 
me bra^ used for barometer scales is 0 0000102 per dearee 
Fa^enheit, which means that toi VF the length of the 
s^le increases by 102 ten-millionth parts of its lengtti at 
' .Ik temperature (62= F) The co-efficient of 

of mercury is 0001 010, wtiicli 
quantity of mercury increases 
by 1 01 temt^usandth of its bulk at the standard tem- 
perature (32 F.) for 1° F The correspohdiug expansions 


Eijianswn 100 

and coeiiicients ioi 1 ° C oi la aie lai£>ei in the latio of 
18 to 10 

Expansion ot volume alters the density of a substance, 
and changes of density aie theief ore numexically related 
to expansion 

The expansion of a gas ma^ be caused either b^ i educ- 
tion of pressure or by increase of temperatuie 8 o in 
order to see the effect of tempeiature alone we muse 
keep the pressure constant In these circumstances the 
coefficient of expansion is 00366 foi la refeiied to 273a 
as standard, or 002 for 1® F lefened to 41° F as standard 

Exposure — In meteorology, the method of presen- 
tation of an instrument to that element which it is 
destined to measure or record, oi the situation of the 
station with regard to the phenomenon oi phenomena 
there to be observed If meteorological observations are 
to be of much value attention must be paid to the mannei 
of the exposuie of the instruments 

Details are lo be found m the Obset ver'^b Hcmdhooli 
Uniformity of exposure is of the greatest impoitance and 
tor that reason the pattern of the theimometer-scieen has 
been standardized in most countries while in these 
Islands, a standard height above ground toi the lain- 
gauge has likewise been fixed A suxsiiiNB bbgordek 
denaands an entirely unobstructed hoiizon neai sunrise 
and sunset at all times of the 3 ear The question of the 
exposure of anemometers is one ot gieat difficulty 
The extent of the GUSTINBSS of the wind as exhibited on 
the trace of the tube-anemometer is a fair index of the 
excellence of the exposure 

At Aberdeen Observatory, twm anemometers are ex- 
posed, one at an elevation of 30 feet above the othei 
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The results are noticeably different , and the same state- 
ment applies in an even more maiked degiee to the two 
anemometers at Falmouth, one exposed upon the Obsei- 
vatory root and one upon the tovoi ot Pendennis Castle 
Extremes —Generally used with lefeience to temper- 
a .ure oi wind , in the first case to mean the highest and 
lowest temperatuies lecorded at an obseiving station m 
a day, a month or a year The maximum and minimum 
temperatures are the extremes for the day , in TG4 the 
extremes for Greenwich for January were 55° F and 20° F 
and for July 92° F and 45° F When the observations 
a series of years are available we may find the normal 
or^erage extremes and ABSOLUTE EXTREMES 

With regard to wind the highest wind recorded in a 
gust shown on a tube - anemogram is the extreme 
wind, and the highest wind-force on the Beaufort Scale 
fui®. t ^ observer in the course of a gale is logged as 

Strongest gust for the 
Bi itish Isles IS given on p 142, the highest hourly wind 

^ ^ ^ mi/hi) recorded at Fleetwood in 

Gabriel Daniel — The impiover of the 
theimometer and barometer, born 168b at Dantzio' He 
used mercuy instead of spirit of v-ine for thermometers 
and avoided negative tempeiatures bv marking the 
Heezing point of water 32° , the boiling point of watw 
was subsequently marked 212° ^ waier 

The Fahrenheit scale is still in common use in English- 
it lias advantages because the size 
f the degree is convenient and temperatures below 0° F 

^he except in 

the polar (Arctic and Antarctic) regions and the con- 

T 1 n All tal cnu ntnes bordering thereupon. Ip fact, the range 
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0° F. to 100° F IS a very serviceable range tor tbe climates 
of the temperate zone But the investigation of the upper 
an has necessitated the frequent use of temperatures on 
the negative side of the Fahrenheit zero, temperatures as 
much as 100° below zero occur, and to have the zero m the 
middle of the working scale is very inconvenient In the 
phyMcal laboratoiy too, temperatures approaching 500°F 
below the freezing point are realised xn experiments on 
the condensation of hydrogen and helium 

Probably the best scale for all purposes would be m 
Fahrenheit degrees measured from 459° below the 
Fahrenheit zero which is computed to be within half a 
degree of the zero of absolute temperature In that case 
500° would correspond with 41° F. oi 5° C But the grow- 
ing prevalence of the Centigrade or Celsius scale in 
countries which do not speak English has led to the use 
of temperatuies measured in the centesimal degrees fiom 
the zero of absolute temperature computed as 273° below 
the freezing point of water. 

For a table of conveision of the various scales in use 
see page 355 

Fall. — “The fall of the leaf” m common use with 
American writers for Autumn 

Fluid —A substance which flows, to be distinguished 
from a solid which will not flow Some fluids are veiy 
viscous, like pitch or treacle, and take a long time to flow, 
others are mobile, like water or petrol, and take very little 
time to flow until the surface becomes level Gases ai e 
included in the general term fluid, because they also will 
flow through a pipe Their peculiarity is that they can be 
not only compressed by pressure but also expanded indefi- 
nitely on the release of pressure Thedensity,? e,theamount 
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Land-fog^ on the other hand, is an autumn or wintei 
fog , it IS generally due to cold air passing over relatively 
Avarm, moist ground The process of cooling may be 
either by ladiation or by a change of wind, but again 
eddy motion is necessary to mix the waim, moist air close 
to the giound with the cold flood Fogs of this kind are 
not infrequent in the early mornings of summer, but they 
persist sometimes through the day in autumn and winter 
Autumn is their special season 

Anticyclonic weathei with light aiis is veiy favourable 
for land-fog, and the ending of a period of anticyclonic 
weathei is neaily always fog Fog on oui coasts is 
generally included in the forecasts for the British Isles 
•when the wind changes from a North erl^^ or Easterly to a 
Southerly point For the monthly percentage-frequency 
of foff and mist m the English Channel see p 121 

The conditions for fog in London aie set out m a Repoit 
of the MeteorologicaJ Office on fogs (MO publication 
No 160) 

The frequency oi fog at the obseiving houis, according 
to the returns foi the past 20 years from British Stations 
for the Daily Weather Report^ is shewn in the following 
table It should be noted that up to the end of June, 
1008, the morning and mid-day houis of observation were 
<Sh and I4h instead of 7h and 13h , and that at Oxfoid 
the obseivmg houis have been, and aie still, 8h and 20h , 
not 7h and 18h I'he following are the yearly fiequencies 
oi obsei vations of tog at Ih (or 3h ) in the past two years — 
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12 
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25 

18 

4 

1 

0 

3 

2 

1 

9 

6 1 

I 

1 

0 

2 

2 

4 

3 

5 

2 

0 

5 

4 

13 

_9 

South Coast 

Scilly (fc)t Mary’s) 
Jersey (St Aubin’s) 

( Hurst Castle 1 

1 Portland Bill / 
Dungeness 

Dover 

H 

5 

5 

7 

3 ' 

6 

5 

5 

10 

7 

20 

10 

1 

10 1 
17 

10 1 

7 

1 

4 

2 

4 

2 

2 

3 

6 

2 

II 

3 

6 

6 

2 

rc 

§ 

3 

London 

Oxford j 

/ Loughborough 1 | 
\ Nottingham j 
Bath t 

Birr Castle i 

3 

4 

5 

I 

4 

19 

24 

20 

5 

6 

22 

28 

25 

6 

10 

o”~* 

0 

0 


ITorB— Summer (April to September) contains 188 days, an<^ 
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Ybae at Various Stations in thb British Isles 



18 h 


Sum- 

mer 

21h 

Wiu- 

tei 

\eai 

Station 


Number 
of Years 
of Obsei- 
vations at 

Sum- 

mer 

W In- 
tel 

Yeai 

18 h 

21b 

6 

I 

7 

9 

I 

10 

Sumbuigh Head 


20 

7 

I 

0 

I 

0 

0 

0 

Stornoway 

4:3 

w. 

20 

7 

7 

2 

9 

3 

0 

3 

Castlebay 

0 

8 

7 

7 

I 

8 

6 

2 

8 

Wick 

0 

20 

5 

2 

2 

4 

— 

— 

— 

Nairn 


20 


3 

o 

3 

— 

— 

— 

Aberdeen 

0 

20 



0 

2 

2 

— 



Leith 

kl 

20 

— 

3 

4 

7 

4 

6 

10 

N Shields 


20 

2 

3 

7 

10 

4 

6 

10 

Spurn Head 


20 


I 

9 

10 

I 


9 

G-reat Yarmouth 

03 S 

m ® 

20 

7 

0 

2 

_ 2_ 

0 

I 

I 

Clacton on-Sea 

0 

12 

7 

6 

3 

9 

I 

1 

2 

Malm Head 


20 

7 







f Belmullet \ 






4 

4 

2 

0 

( Blacksod Point / 


20 

7 

I 

0 

I 

0 

0 

0 

Valencia 

I 

20 

2 


3 

7 

«« 

— 

— 

Roclie’s Point 

0 

0 

20 



2 

2 

4 

3 

4 

7 

Donaghadee 

43 

20 


0 

I 

I 

— 


— 

Liverpool (Bidston 


20 








0 bservatory) 




9 

7 

ifo 

8 

4 

12 

Holyhead 


20 


6 

! 5 

11 

J ^ 

5 

12 

Pembroke 


20 

7 

9 

! 6 

15 “ 

10 


15 ^ “ 

Scilly (St Mary’s) 


20 

.S 

3 1 

4 

7 

2 

I 

3 

Jersey (St Aubin’s 

0 

20 

7 



A 




/ Hu I st Castle ) 

0 



4 

2 

0 

3 



\ Portland Bill j 


20 

7 

2 

3 

1 5 

— 

— 

— 

Dungeness 

P 

20 



0 1 

2 

1 2 

— 

— 

1 

Dovei 

m 

8 1 

— 

0 

”“6”n 

6 

I 

8 

9 

1 London 


20 ' 

3 

0 

4 

4 

— 

— 


1 Oxford 


17 1 



6 

6 




/ Loughborough \ 








5 

5 

\ Nottingham / 

C3 

'3 

20 1 

7 

0 

2 

2 

— 

— 

— 

Bath 

; VH 

12 1 




I 

I 



j— 


Birr Castle 


20 

_ 


^Vinter (October to Marcli) 182 days, in leap year 183 days 
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Fog^ Bow — ^ white rainbow of about 40° radius seen 
opposite the sun in fog Its outer margin has a reddish, 
and its mnei a bluish tinge, but the middle of the band 
IS quite white The how is produced in the same way as 
the ordinal y rainbow but owing to the smallness of the 
drops, under 0 025 mm , the colours are mixed and the 
bow IS nearly white 

Folin. — The name given to ceitain dry, warm, lelaxing 
winds of the valleys on nhe Northern side of the Alps 
The general direction of the Fohn winds is from the 
South Tho peculiar character of the air is accounted for 
by supposing that it comes from ovei the plains on the 
Southern side of the ridge In its elevation it becomes 
dynamically cooled, and if condensation occuis and rain 
or snow is formed in it, the fall of temperature is so much 
restricted on account of the latent heat of the vapour which 
is condensed and left behind, that the an“ which foices 
its way down into the valleys on the north side, being 
dynamically warmed and dried, appears as a warm, dry 
wind Some of the details of the process are still obscure 
because warm air does not naturally flow downhill, hut 
the main outline of the process is certainly established 
and the subject has been studied in detail by Austrian 
meteorologists 

The Chinook wind ,of the Western prairies of xlmeiica 
which comes down from the Rocky Mountains as a warm, 
dry wind evaporating a good deal of the prairie snow in 
winter is of similar character, and various other examples 
of what is known in meteorology as the Fhhn effect occur 
from time to time on many hill sides In regions like 
Norway, Greenland and the Antarctic Continent it com- 
plicates the temperature measurements very seriously. 
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Forecast — The name given by Adnaiial R FitzRoy to 
ci statement of the weather to be anticipated m the near 
futnre from a study of a synoptic chart or “weather 
map ” In the Meteorological Office the peiiod of antici- 
pation of a forecast does not exceed twenty-foui hours, 
^ but when conditions shown on the map are favourable a 
more general statement of the probable weather for two 
01 three days is given m a form which is called “ the 
further outlook ” 

In practice a forecast includes — 

(1) A statement of the diiection and force of the 
surface-wind and the changes therein which are 
expected within the period of the forecast 

(2) A statement of the state of the sky (as legards 
clouds), precipitation (ram, hail, snow or sleet) and 
temperature, whether it will be high oi low for the 
time of year, or higher or lowei than at the time of 
making the forecast 

(3) A note as to the probability of such occurrences 
as night-frost, fog, or thunder 

For these statements the forecaster depends upon the 
changes in the distribution of pressure which are indicated 
on the map, although these changes are not described in 
the forecast They are, however, set out in a preliminaiy 
statement called the “general mfeience,” and foi the 
information of airmen the anticipated changes in the 
])ressure gradient over the seveial districts are formulated 
and are expressed as an addition to the forecast giving 
the “wind at 1,500 feet ” That height is chosen because 
the wind at that level is generally in close agreement 
with that computed from the distribution of pressure at 
the surface, 
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The direction and velocity quoted for 1,500 feet are 
sufficiently applicable for heights up to 3,000 or 4,000 feet, 
as changes in the wind above the level of 1,500 feet are 
^ Southerly, South-westerly, Westerly 
or North-westerly wind generally gets gradually stronger 
at higher levels, but an Easterly wind often falls lighter 
IS replaced in the highest levels by a wind from a 
W esterly quarter, though that is not always the case The 
motion of clouds, or the measurement of air-currents by 
observations of a pilot balloon, are the only means available 
at present for guidance as to the changes in the higher 


Freezing With reference to weather this word is 
used when the temperature of the air is below the freez- 
ing point of water 32° F , 273a , 0° C 

American writers use the term “a freeze” where 
we are accustomed to use “frost” to indicate freezing 
conditions persistent for a sufficient time to characterise 
the weather 


Frecfuency • The number of times that a particular 
phenomenon of weather has happened in the course of a 
gven period of time, generally a number of years 
Here, for example, is a summary of the spells of wind 
&om the Easterly qwter, according to the direction of 
the isobars, wer S E England and Northern France in 
mne years Taking January, for instance, the nine years 
of 279 days, of which 58 were days of East 
consisted of one sequence of eight consecutive 
days of East wind, one sequence of six days, three 
sequences of four, two sequences of three and seven 

SasTwind 



Frequency Table — Nximbei of Spells of Wt7id of Specified Duratio^i fiom 
N E jE or S E ^ during the nine year s 1904-1912 indusi ve England^ 

South-East^ and Northern Fi ance 
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In this case the number of yeais ovei which the obser- 
vations extend is given, quite an arbitiary number, and 
thus the numbers for frequency of occurrence have to be 
considered with reference to the number of years selected 
It IS, however, usual to reduce frequency figures to a 
yearly average 

Here, for example, is the average frequency of 
OEOSTROPHIO winds from different quarters over the 
South East of England and Northern France obtained 
from observations for the nine years, 1^H)4~J9]2 


Frequency of winds (geostrojohio) from different qum ters 
Average Nurnler of Days in the seimal months o! 
the year in which the Wind is from a specified qua) tei 

^ ccnoe 


NB 


January 

February 

March 

Apnl 

May 

June 

July 

August 

Septembei 

October 

November 

December 


1* 

SE 

s 

s w 

W 

N W 

N 

Calms 

2 

2 

2 

9 

6 

2 

J 

4 ! 

1 

I 

4 

7 

6 

3 

2 

1 

2 

I 

3 

7 

s 

2 

2 

5 

2 

1 

2 

6 

5 

2 

4 

n 

f) 

2 

2 

2 

5 

4 

2 

2 

6 

I 

I 

3 

6 

4 

3 

4 

3 

^ i 

I 

I 

6 

5 

3 

4 

6 

I * 

I 

2 

10 

6 

3 

2 

4 

3 ‘ 

} 

2 

2 

5 

4 


4 

J 


2 

5 

7 

3 

3 

2 

4 ' 

2 1 

1 

3 

7 

7 

2 

1 

4 


2 ' 

i 

2 

7 

xo 

4 

2 

1 

2 



Total 


3^ 

28 

30 
^9 

31 

31 

30 

3 ^ 

30 

3^ 


— v-fj. 

the two discordant totals 
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In view of the awkwaidness of having to bear m mmd 
the possible nnmbei of occurrences, while considering the 
actual 01 aveiage numbei, it is convenient to use the 
percentage fiequoncy instead ot the actual frequency 
This plan is often adopted foi giving the results of 
observations at sea, which are made six times a day, or 
every foui houis 

For example, the peicentage frequency of fog in the 
English CJiannel is given by the figures m the following 
table — 

Perceyitage Frequency of Fog and M'lst 'in the English 
Ghannel 

[R^xRecl on tom houily observations liom ships during the 
15 years 1891 n)05 ] 


Month. 

Number ot 

Percentage of 
whole numbei 

Percentage of 
whole numbei 

observations 

of observations 
Fog 

of observations 
Mist 

Jaiuiaiy 

1,187 

2 ^ 

15 8 

Febiuaiy 

1,185 

2 8 

22 0 

March 

1,241 

3 ^ 

24 S 

April 

1,424 

4 B 

24 4 

May 

1,501 

4 4 ' 

26 9 

June 

1,365 

3 b 

, 30 2 

July 

1,260 


26 3 

August 

1,206 


i ^7 3 

Septembei 

1,264 

J 3 

17 0 

Octobei 

b454 

1 6 

16 5 

Novembei 

1,384 

1 r 

15 0 

Decembei 

1,294 

^ S 

18 2 
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Friotion, A word used somewhat vaguely m meteor- 
olo^cal writings m dealing with the effect of thelimface 
of the sea or of the land, with its obstacles in the form of 

efflf L A atmosphere The 

le?t mohin f ^ pioduce turbu- 

lent motion in the lowest layer which gradually snreads 

n? Jular eddSs P®® P blowing, and consists of 

nregular eddies aproachmg to regularity m the case of 

VI j noticed when a strong wind 

^ produces an eddfwTth a 

horizontal axis An account of the eddy caused bv the 
Eastern face of the rock of Gibraltar i^ given in Jhe 
Jouinal of the iUronautical Society, Vol 18, 1914 p 1^ 
+v general effect of this so-called friction is to' reduce 
the flow of air past an anemometei so that the recorded 
wind velocity is below that which would be experScS 
It the anemometer weie high enough to L If ?be 
reach of the surface effect^ Numefll v^ues for £ 

^nSrned ^ith'TheP^''*'''^’ impoitance, because they are 
neSPuihTod ^oo^^rige of velocity in the imme^ate 
neignDouiJioocl ot the ground But it is not easv tn 

obtain them, b^ause eveiy exposure near land or se^ is 

“ geostrophic” or GRADIENT WITO ®’ 

oth., weIl..xpo»,d stations th, i .s, „„ 
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much as 60 pei cent, but toi any i^aiticulai anemometer 
it IS difterent for winds from different quaifceis because 
the expobuie seawaid oi landward is diffeient. Infor- 
mation on this point toi a numbei oi Meteoiological 
Office stations is given in a meinon by Mr J Fairgiieve 
i^Oeopfiy steal Memoirs^ Vol 1, p 189), and information 
toi othei stations is in piocess of compilation at the 
Meteorological Office 

The consequence of this effect can sometimes be seen m 
weathei maps On one occasion when the whole of the 
British Isles was covered with paiallel isobars lunning 
neaily West and East, all the stations on the Westein 
side gave the wind as foice 8 (42 mi/hi) while those on 
the Eastern side gav^ force 5 (21 mi/hr), so that the 
velocity was reduced by one-hali m consequence of the 
^ friction ” of the land It the velocity at the exposed 
Western stations be taken at two-thirds the velocity of 
the wind free horn friction, we get the following interest- 
ing result which is probably coriect enough foi practical 
use — One-thnd of the velocity is lost by the sea f notion 
on the Westein side, and one-thnd more by the land 
friction of the country between West and East 

Frost — Accoidmg to Biitish meteorological piaCtice 
frost occurs when the tempeiature of the an is below 
the freezing point of water (see Freezing-) , it may be 
either local, as a giound-fiost, a spring-fiost oi a night- 
frost often IS, 01 general, such as a host which gives 
bearing ice in the course oi thiee oi foui days But the 
word would haidly be used unless there were water oi 
plants or something else to be frozen, so that its use is 
generally restricted to the lowest levels of the atmosphere 
We should hardly speak of a frost in i elation to the cold 
of the upper air, oi even of a mountain top 
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Meteorologically, tlie diiieience between the conditions 
foi a general frost and those foi a local host is so gieat 
that different woids aie needed The Ameiican meteor- 
ologists have some reason, theiefoie, in speaking of a 
general meteorological frost as tieeze ’ 

The British Isles are accessible lor a freeze oi geneia] 
frost m two ways, fust by Northerly winds bringing cold 
air from the Arctic regions ovei the North Atlantic, 
round a high pressure lying over the Gieenland-Iceland 
region, secondly by Easterly oi South-Easterl} winds 
coming round a high pressure ovei Scandinavia and 
Northern Europe, which in the winter is persistently 
cold The Northerly wind has to cross a considerable 
stretch of the north-eastern extension of the Gulf-stream 
watei, so that it has to travel quickly to avoid being 
warmed Consequently, Northerly “freezes ” are generally 
short and sharp. The more prolonged fiosts are generally 
caused by the Easterly winds which have only a short 
stretch of sea to cross A long freeze may begin with a 
Northerly wind, and snow, followed by a persistent 
Easterly wind 


The short frosts, oi night trosts, iixdy occur with veiy 
l^ht winds from any quarter except between South and 
West , they are characteristic of clear nights, with great 
loss of heat from the ground by ladiation to the clear 
sky The conditions are set out in detail in a pamphlet 
prepared in the Meteorological Ofl&.ce and reprinted in 
“ Forecasting Weathe ) Chapter XIL 
Low temperatures are often quoted as degrees of frost 
meaning thereby the number of degrees below the 
freezing point of water 

17m/s, 01 39mi/hr The figure is selected as the lower 
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limit oi loice 8 on the Beanfoit Scale A wind estimated 
as force 8 or inoie is counted a gale 

The relation ot the estimation to the measmed hourly 
velocity IS subject to some uncertainty on account ot the 
incessant fluctuations of velocity in a stiong wind which 
are known as GUSTINBSS They are not shown in the 
lecoids of the cup aneniometei which weie used for com- 
puting the e(iuivalents 

The number of gales recoided toi any locality depend s 
laigely on the exposme ol the anemometei , as the table on 
the next page shows 

Judging b;^ this table, an \ one who is unacquainted 
with the piactical dilbculties of anemometry would be 
tempted to draw the conclusion that the localities 
represented by Kew, Falmouth, Aberdeen, Valencia and 
Yai mouth aie immune fiorn gales, or neaily so 

E'^oi any puipose of aerial navigation such a conclubion 
would be egregiously untiue It is true of the anemo- 
meters, but not of the tiee air above them The records, 
which m these paiticular cases go back to 1868, aie good 
enough when we aie concerned only with comparing the 
wind of to-day with that of yesieiday, oi any other daj 
in the last forty-seven yeais, and of determining noimals 
for leieience, the diurnal and seasonal vaiiation, and so 
on , but when we want to compaie one locality with 
another we must lace the pioblem of making allowance 
tor the exposure ot the anemometer 

To meet this ie(|uirement we propose to give the basic 
characteristics oL the localities undei oin observation as 
regards wond m terms of gradient avend, oi more 
strictly geohtr(}j)hi( wind It is a veiy voluminous 
inquiry, but is now nearly completed, and some ol the 
results will be included in this volume 



Gales recorded at British Anemoiiieter Stations 

Numbei of liouie in each montJi dm mg ^Incli the mean Wind Velocity 
recoided by certain anemometers was equivalent to Gale-force on tbe 
average of seven years 1908 to 1914 inclusive 
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Valencia 

Kingstown 

Fleetwood 

Holyhead 

Scilly 

Falmouth 

(Observatoiy) 

Heerness 

Aberdeen 

Yarmouth 

Kew 



Odds agavnst the occurrence of a Gale on any day in the various months 
of the year over the several sections of the British and Irish Coasts 

Based upon records extending over tjie 40 years 1876-1915 
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The seasonal variation may be expressed as follows — 



cOOQ C^O rO'X5 

MMMM l-l MHMMM 

Teqcaeoao; 

O vTj xrj 'tf* vnvo b* 0^ rN. 

j0qTn0AO];;|; 

»r )00 VO m ij^vo ijO T.O j>. 0 ^ ov 

loqoi^oo 

ccmoOvoqocooooooonOmO 

•H w M H M M 1 

J0qtn0:;d0g 


{janSny 

^MCV1fOcO>-COOJ>.COMOMM 
'^VO vnvo 

Aif 

CJt^M ^ O M rOJ>sCOH 

O l>»vo O covo Thvo b«» vn !>«. 

autip 



t>.COO fOvrjU^OOO H M CO 

•t}'CO'<**n m focococ^ lOVD VO 

ludy 

itolupi 

w^vo 0^ C5I rl-xr>0 '«t-oo vO N 0^ 

MClMWt-iMWC^MMWCOWW 

t'- 0 0^ VO l>-VO cc oc 00 M t}-VO OV 

W M M 

o o VO bs. vn vno b'. «-ovo oo m w oo 

>-* MW 

iCiunuiar 

1.000 VO b«^ VOVO VOVD 00 Ov N x>- 

Coasts 

Scotland XE 
, E 

„ NW 

, w 

Ireland, N W i 

„ sw 1 

Irish Sea 

St George s Channel 
Bristol Channel 

England S W 

, s 

„ SB 

, B 

» ^TB 


(The figures represent in each case the odds against one ”) 

The “ favourite day is 28th January m Ireland N W , the odds about which are }U8t 
21 to 19 against oi nearly even 
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For special localities tables of local statistics must be 
consulted Some guidance may be obtained from the 
diagrams given under the heading w^nd 

Gale- Warning — Notice of threatening atmospherical 
aistuibanceson oi near the coasts ot the British Islands 
are issued by telegraph from the Meteorological Office to 
a number of ports and fishery stations The issue of a 
warning indicates that an atmospheric disturbance is m 
( xistence which will probably cause a GALE (Force 8 by 
Bbaxjpobt Scale) within a distance ot (say) »50 miles of 
the place to which the warning is sent The place itself 
may be comparatively sheltered, and the wind may not 
attain the force of a ^ale there The meaning of the 
warning is simply “Look out Bad weather of such and 
'Hich a charactei is probably approaching you ” 

Tbe fact that such a notice has been received is made 
known* by hoisting in a conspicuous position a black 
canvas cone (gale-cone) 3 feet high and 3 feet wide at 
tne base, which has the appearance ot a triangle when 
hoisted. 


The “ South coue ” (point downwards) is hoisted in 
anticipation of gales and strong winds — 

From S E veering to S W , W , or N W. 

„ SW „ W orNW 

W „ N W 

The North cone^^ (point upwards) is hoisted m antici- 
pation of gales and strong winds — i 

IVom S E , E or N E , backing to N 
„ N W veering to N . N E , or E 
» N „ NE orE 

» N E E 

* display of wnes and issue of notices to tlie general pubUe 
has been suspended during tbe war ° ^ 
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The •warning is intended to continue from the time the 
telegram leaves the Meteorological Of&ce until 8pm the 
following day 

The gale-warning service of the British Isles was 
established under the direction of the late Admiral 
FitzRoy in 1861, and has been maintained in operation 
ever since, with a slight interruption in 1867 

Gas — The name used for any kind of fluid which has 
unlimited capacity for expansion under diminishing 
pressure It is to be distinguished fiom a liquid which 
has only a limited capacity for expansion under reduced 
pressure 

A liquid may occupy only the lower part of a vessel 
like a bottle , it will flow to the bottom of the vessel and 
leave a ‘‘ free ” surface But a gas cannot be located in 
that way , its volume is determined not by the amount 
of material but by the size of the vessel which contains it 
and by the pressure upon its boundaries 

There are many different kinds of gas, such as nitrogen, 
hydrogen, cai borne acid, coal-gas, marsh-gas, and so on , 
but the word is often used when coal-gas is meant, and 
recently it has been used for heavy poisonous gas of 
unspecified composition in scientific practice gas means 
any substance winch obeys approximately the gaseous 
laws , these laws are two, viz — 

1 When the temperature is kept constant the pressure of a g'lven 
mass of gas is inversely proportional to the volume which it occupies, 
or the density is directly proportional to the pressuie 

2 When the volume is kept constant the pressure is proportional to 
the absolute temperature, or when the pressure is kept constant the 
volume is proportional to the absolute temperature 

Geostrophic —See Gradient Wind 


13204 
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tuSSw tW? the air-tempera- 

mav atta^ layer of smooth ice, which 

objLrs e^posS'fo'Tt tJ “T"’ 

The accumiilatinTi known as glazed frost 

down teSn^ ^ '°®T sufficient to bring 

.. oT, !•'■“»“«■>■>» 

distinguished from silver thaw which 

cold t^ mofs^rp™’ supervenes upon severe 

and * condensing on still-freezing surfaces 

Szed fS 4;in^ " f in app^eaiance to 

SnTe of'Xed®fS^^^^ water-drops are said to be the 

Sffiffiow suiioundmg the 

oTe^Jn if a hank of cloud or fog 

bLffinv S ?aJI J\ 'v/ tliffraction-effect due to thf 
drops in this paaa°^ round small obstacles, water- 
rinff IS diffraction effects the violet 

grefn oraSe^ and ® /allowed outwards by blue, 

violet are sSm stn A Vo^v 

the shadow of an a^ropl^e in I doud ^^^rrounding 
temBeratii rp We use it m pressure gradient, 

w. p^i: sMrr 



Oradtent 


131 


mtrodnced by Tbomas Stevenson, C E , of the Board of 
Noithern Lights It corresponds with an engineer’s nse 
of the word gradient m specifying a slope from a map of 
contours, but to get the pressme-gradient we have first to 
determine the line along which the slope is steepest, so 
that pressuie-giadient has a definite direction There is 
a convention that the distance to be taken is 15 nautical 
miles and the step ot pressuie is to be given in hundredths 
of an inch The giadient will work out at practically 
the same figuie if the distance is a geographical degree 
and the step of piessure is given m millimetres To get 
the same figure for the gradient with the step of pressure 
in millibars the distance would have to be taken as 
45 nautical miles But numerical values of the gradient 
are very seldom quoted 

Tempeiature giadient may be based on the same idea 
and give the rate of change of temperature, along the 
horizontal through a locality, at right angles to the 
isotherms, as obtained from a chart of ibotherms properly 
corrected tor height But it is much more freq^^ently 
used to indicate the step of temperature for a kilometre 
step of vei tical height Used in this sense temperature 
giadient may be positive or negative, and by international 
agreement the temperature gradient is positive when the 
step IS towards lower temperature for increasing height, 
because tempeiature generally decreases aloft , but it 
does not always do so The change from positive to 
negative temperature giadient is called an inversion of 
temperature gradient or simply an inversion ”, and so 
an “ inversion ” comes to mean a region where tempera- 
ture increases with height 

Potential gradient is used for the change of atmospheric 
18204 E 2 
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it eenSl v°m * u® ^nd for that alone It 

Dof,^?v« !Jj ^ P®^ That also may he 

oo^‘n'1 ' ^^ositive when the 

ooT^ n 1 Micieiseh \\it!i lui^rh 

"''S btei ddoi,telas a better 
mTcal of‘chan.e in the 

fie^qutntlTmto “® most 

+ +1, *? P'^'ictical consideration, as it is closely 
related to the direction and force of the wind, so that the 

tind^o/rstmlLTot®''^ 

mil seldom Tl al 1^ maps, though the gradient 

nid\ setdoui be evaluated m figures On looking over a 

^Trr ^ 

e&timatp nf required to make a workable 

cf 65 ^11.6™, „a «>e 
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isobars across a station scales oat at 75 nautical miles , 
the gradient is 1 millibar (0 03 m ) for 15 nautical miles, 
or 3 on the conventional scale of pressure gradients For 
calculation in 0 ( 1 S nnirs it is convenient to have the 
gia<lieot ex;i*te^hed in hims ot millibars for iUl) kilo- 
metres 

It is best to use a large scale map fiir obtaisnng pressure 
giadients so that intermediate isobars can be inserted by 
estimation when those drawn for the ordinary steps are 
not regular, but with the best maps the estimation of the 
gradient is sometimes uncertain on account of local 
irregularities of pressure which may be indicated on la 
barogram but cannot be allowed for in a map based on 
telegraphic leports from stations 100 miles (160 kilometres) 
apart 

Some of the steepest authentic gradients that have been 
noted on British weather maps are — 



Gradient 

Date and Place 

Inter- 

national 

measure 

Millibars 
per 100 
kilometre 

1912, August 26, East Anglia 
(Norwich floods) 

II 0 

13 2 

1907, February 20, between Ice- 
land and Faioe 

10 o 

12 0 

1912, November 26, West of Scot- 
land 

9 7 

II 7 
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+ Wind — The flow of air which is necessary 

to balance the pressiiie-gradient The direction of the 
gradient wind is along the isobars, and the velocity is so 
adjusted that there is equilibrium between the force 
p easing the air inwards, towaids the low pressure, and 
6 centrifugal action to which the moving air is subject 
in consequence of its motion 


In the case of the atmosphere the centrifugal action 
niay be due to two separate causes , the first is the 
tendency of moving air to deviate from a great CIRCLE 
in consequence of the rotation of the earth , the deviation 
IS towards the light of the air as it moves in the Northern 
hemisphere, and towards the left in the Southern The 
second is the centrifugal force of rotation in a circle 
round a central point according to the well-known 
tormula for any spinning body In this case we regard 
the air as spinning round an axis through the centre of' 
ITS path This part of the centrifugal action is due to 
the curvature of the path on the earth’s surface Both 
components of the centrifugal action are in the line of 
e pressure gradient the part due to the rotation of 
the earth is al ways tending to the right in the Northern 
hemisphere, the part due to the curvature of the path 
goes against the gradient from low to high when the 
curvature is cyclonic, and with the gradient when it is 
ancicyclonic, so that m the one case we have the gradient 
balancing the sum of the components due to the earth’s 
rotation and the spin, and in the other case the gradient 

Sh’^roEon 


The formal reasoning which leads up to this result is 
given at thg bnd of fchis^article,^ The method used therein 
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for calculating the effect of the lotation of the earth was 
^ggested to the writer in 1904 by Sir John Eliot, F R S , 
Director of the Indian Meteorological Service 

For the sate of brevity in reference to these two 
components It IS very convenient to have separate names 
for them Let us call the one due to the rotation of the 
earth the geostrophio component, = and the one due to the 
curvature of the path the oyclost? opJiic component 

Consider the relative magnitude of these components 
under different conditions It will be noticed that the 
geostrophic component depends upon latitude, the cvclo- 
strophic component does not, so, other things being equal, 
their relative impoitance will depend upon the latitude 
so we wiU take three cases, one near the equator at 
latitude 10 within the equatorial belt of low pressure 
one near the pole latitude 80° of undetermined mete- 
orological character, and one, half-way, between, in 
latitude 45 , a region of highs and lows travelling 
Eastward ^ 


Using V to denote the wind-velocity, when the radius 
01 tne p^-th. IS 120 nautical miles tlie c^ clostropliic com- 
ponent IS equal to the geostrophic — 

in latitude 10° when V is 5 6 metres per second , 
in latitude 45 when V is 22 9 metres pei second , 
in latitude 80° when V is 9 metres per second 

It will he seen that in the equatorial region the cyclo- 
stiophic component is dominant as soon as the wind 
reaches a very moderate velocity 

* A table to find the geostropnic component is given on pp 172, 17a 
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Ue Helatwn letweentU Ma,W. Botatwn the P,e>,suie D^stnhutm 
JOT G7 eat- Circle-Motion of A ir 

resolved 

cooos^ Sont a W^ti, island 

gent lme ®®'"“'’® ®®“*r® P^^^llel to the tan 

thin ®®®®* “ -deviating an an cuirent any more 

ooun4roSwieTmTh?^4/A*’' the rotation of the earth’s surface 
Southern Hemisuhera ^‘^rthern Hemisphere and clockwise in the 
CO sm r W^ t wtf '^®^ ail with an angular velocity 

movant a« , H regard the surface over which the wind is 

^ a flat disc rotatmg with an angular velocity co sin o 

Fwth?“ wmdveW+‘®™^/S‘® ^®'''® travelled tt, where 

will be at a distance vJ'-^ underneath its new position 

wui oe at a distance Vt x « tsin0, measured along a amall cir&e, 


\vtXcct*Mv^ 


fr^ its position at the beginning of the time t 

Slover lifelrth Is dIspW to the 

2 CO Fsin 0 

acceleration 

Northern Hemisphere, and to the leftm tSXtoern HeiS!phe“ 

witoln^IalbuTotton^Itol^tfr' ®f ®1®> ^ corresponding 
force IS 
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Equation for Ciclostrophic Wind 

Fence necessaiy to lalance the acceleiatwn of vioving umfoi mly %n a 
6)}iaU ci7ile assuming the eaith is not rotating 

Let A be tbe pole of ciicle PBQ Join PQ, cutting the radius OA in N 
Acceleration ot particle moving uniformly along the small circle with 

velocity 1^13 ^ along PN=: where B = radms of earth , 

and p 18 the angular radius of the small circle representing the 
path 



The horizontal component of this acceleration, that is, the component 
F^cosp 

along the tangent at P, is ^ ^ = -^ cot p 

G-ENERAL equation CONNEOTINO- pressure — G-RADIENT, EARTH’S 
ROTATION, CURVATURE OF PATH OF AIR AND WIND VELOCITY 

I Cyclonic motion The force required to keep the air moving on a 
gieat circle m spite of the rotation of the earth must be such as to 
give an acceleration 2w V sin ^ directed over the path to the left in the 
Northern Hemisphere It must also compensate an acceleration due to 
the curvature ot the path, cot p /P, by a force directed towards the 
low pressure side of the isobar 

Foi steady motion these two combined are equivalent to the 
acceleiation due to the gradient of pressure, ^ ^ wher^’P is the 
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W?7es°urfsidr"’“^ " giadient, directed towards the 


j — 2 o T'sin 0 + L cot |0 



II A^xcyclonw motion In this case 2 . Fsm ^and ^ aredirected 
o^ntwards from the region of high pressure and the eqnftion becomes 
j, = ^<->rsm.^ - — ootp 


It 



p^o "S l!^z. 
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which was originally constructed to represent the weight 
of a litre (cubic decimetre) of water 

A gramme is equivalent to 1 5 4 grains, or rather more 
than one- thirtieth of an ounce 

A pound IS equivalent to 454 grammes For Gramme- 
OALORIB see p 301 

Grass-temperature —Foi estimating the effect of 
RADIATION fiom the Earth’s suiface at night a minimum 
thermometer is exposed just above the surface of short 
grass, so that the bulb does not actually touch the grass 
Abroad the thermometer is sometimes laid on the grass 
itself 

Gravity.— See p 308 

Groat Circle — A line on the earth’s surface which 
lies in a plane through the centre of the earth’s figure 
All meridian lines are great circles so is also the equator, 
but all lines of latitude, with the exception of the equator, 
aie small circles since then planes do not pass through 
the earth’s centre The visible horizon is a small circle 

The great ciicle which parses through two points on 
the earth’s surface is made up of the shortest and the 
longest track between the two points. The shortest track 
IS less than a semicircle, the longest greater than a 
semicircle 

Gulf Stream — A warm ocean current that flows out 
of the Gulf of Mexico along the coast of Florida It is 
ascribed to the action of the Trade Winds which cause 
a mass of water to flow into the Gulf from the East The 
current near Florida is strengthened by water which 
branches from the main trade wind current and flows 
outside the Antilles The Gulf Stream flows Northward 
into the region of prevailing Westerly winds, which 
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cause a current to flow slowly Eastward across the 
Atlantic, this current, also called the Gulf Stream, 
carries water fiom the Gulf Stieam proper to the coasts 
ot Jiurope The an no doubt has its temperature slightly 
raised liy the waim current, but our temperate climate is 
due to prevailing Westerly and South Westerly winds, 
cause of the Eastwaid extension of the 

Cxnlt Stream 

Gust -A “coup de vent” The word vas used 
transient blast of wind, but is now 
comparatively rapid fluctuations in the 
^ength of the wind which aie specially characteristic of 
of the earth, and are probably 

the ground to the flow of the 

current of air 

“dicated by a tube-anemo- 
mfitflA f investigated for the Advisory Com- 

Tud th« Meteorological Office, 

and the resulis are contained in foui reports on Wind 

annual reports of the Corn- 

very irresulL^'t^b^T \ fluctuations are 

the minrtp >111+ ^ been counted as seventeen in 

“^^uute, but another count would probably a-ive a 

Wee?a S J', as fl/ctfiatmg 

lulls is deufTif^PTi+ range between gusts and 

of the wind and orf mean velocity 

the exposure of nature of 

une exposure ot the anemometer Expressing the flno- 

folloTO^MlSrfor'T ™looitr -we get the 
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Anemometer 

Range of Fluctuation 
as a Percentage of the 
Mean Velocity 

Southpoit (Marshside) 

30 per cent 

Scilly (St Mary’s) 

so 

Shoeburyness, E N E wind 

30 „ 

„ W wind 

80 „ 

Holyhead (Salt Island) 

50 „ 

Falmouth (Pendenms), S wind 

25 » 

„ „ W wind 

50 „ 

Aberdeen 

100 „ 

Alnwick 

80 „ 

Kew 

100 „ 


In this table a fluctuation of 100 per cent means that a 
wind with a mean velocity of 30 miles per houi fluctuates 
over a range of 30 miles per hour, between 15 miles an 
hour and 45 miles an hour, in consequence of the 
gustiness 

The most gusty exposure within the experience of the 
Meteorological OfB.ce is at Byce, m Aberdeenshire, where, 
for the purpose of inquiry, an anemometer was installed 
by Dr J E Orombie, with its head projecting 15 feet 
above the tree-tops of a small wood 

Gusts are to be distinguished from squalls A squall 
is a blast of wind occurring suddenly, lasting for some 
minutes at least, and dying away as suddenly A squall 
IS attributable to meteorological causes, whereas gusts are 
the result of mechanical interference with the steady flow 
of air 
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strongest gusts recorded on anenaometers of the 

Meteorological Office in recent years are 

m/s 


1905 

1906. 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

Grustiness 


Pendennis, 

Scilly, 

Southport, 

Scilly, 

Scilly, 
Pendennis, 
Eskdaleniuir, 
Pendennis, 
Southport, 
Qmlty, 
Pendennis, 
Pendennis, 


46 

38 

36 

37 
40 

38 

40 
43 8 
38 4 

41 o 
40 o 
40 8 


mi/hr 

102 

86 

81 

84 

90 

87 

90 

98 

86 

92 

89 

^ 91 

factoi which is 


vxusuuess — The name given to the factoi which is 
used to define the range of the gusts shown on the 1 ^orl 
of an anemometer The gustiness of an interval irthe 

velocity) - lean 

figures given for the fluctuations of wind in the 

Sed th? aboTlay bl 

called the percentage gustiness” of the wiuris T'n 

xlSe upptTrV f^Din? 

w« d.flSs s fr’ ““■* 1’"“ «' ■* 

(maximum pull— minimum pull) — mean mill 

i»sSe7SrSLp'?sfis.S““ 

possibly he Hail is any raindrop 

7 Jlail is formed in the columns of rapidly 
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ascending air that are part of the mechanical process of a 
lain-storm or thunderstorm They are associated with 
the cumulo-nimbus type of cloud The convection 
currents which begin with instability in the atmosphere 
lesult, first in heavy cloud, and then in raindrops still 
earned upward in air which is automatically becoming 
colder in consequence of the diminished piessure So the 
drops may freeze, and then any fuither upward journey 
may result in condensation in the form of ice on the 
already formed hailstone 

To maintain a mass of water or ice in the air a very 
vigorous ascending current is required If a raindrop 
reaches a certain size it is broken up into smaller drops 
by the current which is necessary to keep it from falling, 
but when the hailstone is once formed there is no limita- 
tion of that kind upon its growth 

From their structure, which is often very composite, it ifl 
clear that hailstones have a long history, and from their 
size, which may be large enough to give measurements, 
it IS said, of three or four inches in diameter, a pound 
or more in weight, they must have required ascending 
currents of great velocity to support them 

There is, howevei, evidence to show that some of the 
strongest winds of the earth aie katabatic wands, that is, 
they are due to falling air, so it requires only a special 
adjustment of the tempeiature of the environment to give 
rise to currents of rising air, anabatic winds, of the most 
violent character (Soft hail, see p 343 ) 

Halo — The teim halo is an inclusive one applied to 
all the optical phenomena produced by regular refrac 
TION, with or without accompanying reflection, of the 



144 


Glossary 


crvstJif moon m clouds consisting of ice- 

liaK a Cirro-Nebula) The most common 

or moon of 22° ladins surrounding the sun 

the^est o£^L^«r® appearing less bright than 

stronelv doT 7 oin ^ is 'white — if more 

freouencv of follow, more faintly Next in ordei of 

Stches oLiv^ “ore biilliant 

STstem Thof^^ PO“ts in a halo 

hilo ““or and rarer 

Handbook n ®®® Observer's 

extend muc^ low^ In polar regions, where ice crystals 

StSScS “ ““ “““■“ 

the eSrTctTo^ Tlf produced by 

Souuh a S I sun’s rays, or the moon’s rays, 
cirromebula^r^o,? forming what is called 

cloTd tSL one of the highest forms of 

of nWcT^of^ ^eat interest from the point of view 
physics of the atmosphere, but they have no 

often -weather lore they are 

uio ice ciona is one of the earliest results of the fall ef 

K.Ton"f.S^ "“.fo™ “ iited" tafthi 

in fliA -n + IS U-ot by any means a necessary step 

sssfissrirs 

found at thA condition for seeing a halo), may be 

round at the beginning or the end of a depression 
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Harmattan — A very dry wind which is prevalent 
in Western Africa during the dry season (November to 
March) During these months, (the winter of the 
Northern Hemisphere) the air over the desert of Sahara 
cools rapidly, owing to its clearness and lack of moisture, 
so that it tends to flow outwards to the coast, especially 
south-westwards to the Gulf of Guinea, and replace the 
lighter air there Being heie both diy and relatively 
cool, it forms a welcome relief from the steady damp 
heat of the tropics, and from its health-giving powers 
it IS known locally as “The Doctor,” in spite of the fact 
that it carries with it from the desert great quantities of 
impalpable dust, which penetrates into houses by every 
crack This dust is often carried in sufficient quantity 
to form a thick haze, which impedes navigation on the 
rivers 

Harmonic Analysis —See p 311 

Haze — Obscurity of the atmosphere which may occur 
m dry weather and may be due to dust or smoke, or 
merely to irregularities of density and consequent 
irregular refraction of the light by which distant ob 3 ects 
are seen During Harma.ttan winds off the West Coast 
of Africa, dust haze is thick enough to be classed as fog 
At sea the weather is often classed as hazy when there is 
no distant horizon, and yet no visible mist or fog The 
obscurity may, however, be due to water particles It 
would therefore be desirable to limit the use of the word 
haze to occasions when the air is not very damp, that is 
when there is a noticeable difference between readings 
of the wet and the dry bulb thermometers 

Heat — The name used for the immediate cause of the 
sensation of warmth, a piimary sensation which is easily 
recognised and needs no explanation As used m relation 
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American SXrcSl lT.;^'"™ *" ™« 

m which the beat-wave is a spell of hot weather 

(above 3()5a ) anrlTo^i* 90° or 100“ F 

character dunS whiol 

hood of the FahrenliAif in the neighbour- 

experienced In continental be 

of severe cyclonic de*n^L= ^ ^ climates, during the passage 
to cold areTomet ° transitions fiom heat 

a d.lI«enc.T?rp™rrf%t7‘^^ 

not unknown 1 in a few hours is 

in this country but tbe-n- 7^®^*®'boiis of similar character 

succession wlh a teSnitf ^ 

for a heat-wlve Sid f 

certainly be called a Tnld"^® with 10° of frost would 
noticeable features of 

cold spells whioh ^hmate is the succession, of 

but a drop m the meT^+o ^ot very intense, 

55“ F to 45° p wbT^ tempeiature of the day fiom 
xery distinct impression defines them, produces a 

l.« h“Bl,"oC““C atmosphere 

It denotes the nhva,?at which must not be overlooked 
inakes things warmer anc^iiqHA^^’ f I'eception of which 

It you wish to S ^,^®/"lf‘’^"®“iakest^ 
from a fire or a ^ ^’"PP^y beat to it 

electric heater, a very conven?J’ ruodern days, by an 
beat exactly where you want it O^th getting 

want water to become co^^^Pr ^ ^ 

can escape, by CONdijcttow ’ i®^7® beat 

by radiation Tou^can CONVECTION or 

xou can also warm water by adding 
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some hot watei to it, or cool it by adding cold water to it 
Either process suggests the idea of having the same 
quantity of heat to deal with altogether, but distributing 
it, or diluting it, by mixing 

The idea of having a definite quantity of heat to deal 
with, and passing it from one body to another is so easily 
appreciated and so generally applicable, that the older 
philosophers used to talk confidently of heat as a substance 
which they called Caloiic, and which might be transferred 
from one body to anothei without losing its identity 
They measured heat, as we do still, by noting by how 
much it would raise the temperature of a measured 
quantity ot water For students of physics the unit of 
heat IS still a gramme-calorie^ the heat which will raise a 
gramme of water through one degree centigrade To 
raise m grammes from to m(^2-^i) gramme 
calories are required The amount can be lecovered, if 
none has been lost meanwhile, by cooling the water If 
we wish to be very precise, a small correction is required 
on account ot tJie vai lation in what is called the capacity 
for heat oi water at difterent temperatures, but that need 
not detain us 

For students of engineering the unit, called the British 
Thermal Unit, is a pound-Fahienheit unit instead of the 
gramme-centigiade unit, and the heat required to raise m 
pounds of water from ^i®F to i{2^F is m - O B T U 

It is in many ways a misfortune that students of Physics 
and Engineering do not use the same unit It is no 
doubt a good mental exercise to leain to use eithei 
indiscriminately without confusion, but it takes time 

From measurements of heat we get the idea that with 
different substances the same change of tempeiature 
requnes different quantities of heat , the substances have 
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cc^achjM hM 

(i^«o;X)tr„,rrdeVr‘ 

amount of auS,. i f temperature of the same 
il ^ another substance thiough one decree We 

belt nf ® specific heat to the ratio of the capacity for 
!>« m S”mKf,° =»”«“» ««Pacitj for 

3Xii«““ 0° iy”Sm”“s'’ It “‘’sf.p Sc's 

condenser of an enoino substances for cooling the 

temperature in a firenk? distributing heat at a moderate 
economic purposes ^ «ther 

ma^^es“of®SefJof\hSThe 

example, are huue store bnnc ^ magnificent 

quantities of heat from the '^hich take up immense 
It out againUen ” ^>^<1 give 

in its own temoeri^ tnrp ar^ with very little change 

tte ocein haTaSeat ’ fl, ^ large lake, and still mo?e 
an, nas a great influence in reducing the extremes 
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of temperature of summer and wintei, and of day and 
nLght, in the countries which border it 

There is anothei remaikable storage of heat in which 
water takes a predominant share that is dealt with in 
physical science under the name of latent heat 

Watei at 288a (59^" F ) cannot be evaporated into 

water- vapour unless eveiy gramme of it is supplied with 
589 calories of heat, which produce no effect at all upon 
the temperature The water is at 288a to start with, 
and the water- vapoui is at exactly the same temperatuie 
and yet 589 caloiies of heat have gone They are lateyit 
in the water-vapour but produce no effect on the thermo- 
meter You can get them back again easily enough if 
you condense the vapour back again into water, but you 
must manage somehow to take away the heat while the 
condensation is taking place The separation of the 
“ waters that aie above the firmament from the watei s 
that are below the firmament,” or in modern language, 
the evaporation of water fiom the sea oi a lake or the wet 
eaith and its condensation in the foim of clouds and ram, 
implies the transference of enormous quantities of heat 
from the suiface to the upper air, the dynamical effect of 
which belongs to anothei chapter of the lomantic story 
of heat which deseives moie than the few words which 
we can afford for it Readers can find an interesting 
account m Tyndall’s Heat a Mode of Motion 

The idea of heat as an mdestiuctible substance, caloric, 
which could be transferied from one body to another 
without loss, became untenable when it was found that 
when air was allowed to expand in a cylinder it cooled 
spontaneously to an extent that coi responded exactly, 
so far as could be ascei tamed, with the means then 
available, Vvith the amount of mechanical woik that the 
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Cylincltjl W3,B 9.11owe(l tn tIa T+ j .1 

process of reasonms' hv urii l^st step in the 

elusion that -wh en ^^leh men had come to the con- 

churning Ser or to 

actually produced not Piocess, heat was 

but created by the frictional proS substance 

to so °noTe?a?'idS^aS^a’“^^i°^T®^‘^^^® themselves 
devoted to tivino- ingenuity was 

foundation stone'’ of nhwcai become the 

unalterable indestruftihlA^ f*/^^^”,^® ^s “ot an 

It can do mechanical ^work^?n'rgteam^^"“°^^'^^''’^^ 

engine or an oil-ena-ine bnt 1 steam-engme oi a gas 

work that is done a corrf>H,m I foot-pound* of 

disappear, and in place of it^i^cof 

some othei form of enerc^v ,! t. amount of 

beat, besides, may be w^aste^m ^ 

practical pui poses are concerned In « 

the whole amount of heat ura^ ^ i engine, of 

transfoirned thp T*Pof 4 . only one tenth may be 

rt.n the„ i,.“ . S ‘ r’"*"'. f ™ l'»™ a.d . but .t “ 

necessary dnty^ ^ unproductive but 

be^^nd oLl^^orms of enemT"''^^ equivalent between 
We give the relation _ 

1 giamme-cal'onTi^lu 640^1 energy 

— aT t QA f^tnme-centimetres 

— ^ — — — ^1,0 dO , OOP ergs 

a distance of one'foofc”'^'*^ “ lifting one pound through 

one (Sntimete?’^*™^''^ done hfting one gramme through 

oentoX on the 0 Gt S system , 1 gramme 
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We have led up to this statement m order to point ont 
how extraordinarily powerful heat can he m producing 
mechanical energy 

If, m the operations of nature, one single cubic metre 
of air gets its temperature reduced by V 0 in such a way 
that the heat is converted into work by being made to 
move an, the equivalent of energy would be a cubic 
metre of air moving with a velocity of nearly 45 m/s 
(101 mi/hr ) 

So familiar have we become with heat as a form of 
eneigy that we measure the heat of sunlight in ]oules’^ 
and the intensity of sunshine in watts per square centi- 
metre, I e the number of 30 ules falling on one square 
centimetre per second 

The Specific Heat of Air 

The foregoing statement is necessary to lead up to a 
matter of fundamental importance in the physics of the 
atmosphere, namely the heat that is required or used to 
alter the tempeiature of an in the processes of weather , 
in technical language this is the capacity for heat of air 
or the specific heat of air 

We have explained that when air is allowed to do work 
on its environment, in expanding, heat disappears, or more 
strictly is transformed So the amount of heat required 
to warm air through a ceitam number of degrees depends 
upon how much expansion is allowed during the process 
The most economical way of warming air from the 

* A ) 0 %(le IS a more convenient unit than the small unit, the erg , 
one ]oule = ton million ergs (10^ ergs) and one calorie = 4 18 ]Oules 

The tmtt is a unit of power, that is, rale of doing work , a power ot 
one watt does one -joule of work per second 
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thermal point of view is to prevent its expanding 

heK oVllVSln Its specifi! 

fieat IS 01715 calories per gramme per degree at 273 a 

S aw a t^ottle full 

^ take more heat to raise the temperature of 

thOe^fh^w! ^ the stopper out 

The^ dfi!rl if f keep it tight 

ihe difference between warming a bottle of air with tlin 

stopper in and with it out, simplf as it may seem has St 

principle of heit as a form It eZvgj 

.< a. 

heat of air at constant pressure 0 2417 gramme calories 
per gramme per degree, or 1 010 joules SeTecS heS 
of air at constant volume is 0 72 joules The diKencrS 
he two represents the heat equivalent of thfwoS used 

SeS* * “• ”«““»* “to«Pieno 

»' >™ formed upon 
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horizontal line is a line at right-angles to the direction 
of the force of gravity which is vertical and identified by 
the plumb line 


The Visible Horizo n, or Distance of Visibilikj for objects cf given height 
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Diagram showing the relation between the height of an observation 
point in feet and the distance of the Visible Horizon in miles 
(neglecti7iq lefiacth-OTi)^ oi the height in feet of a cloud or other 
distant object and the distance in miles at which it is visible on the 
horizon 

The “sensible or visible horizon” which is visible 
from a ship at sea, the line where sea and sky apparently 
30m, is a ciicle surrounding the observer a little below 
the plane of the horizon in consequence of the level 
of the eaith’s surface being cuived and not flat The 
depth of the “sensible hoiizon” below the “rational 
horizon ” or horizontal plane is approximately the same 
as the elevation of the point from which the “ sensible 
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horizon 24 miles oflP A ]/^Tr/^^^ ^ive a 

high IS visible from n n^i ^^>000 feet 

a distance of about 125 miles oi^the^^^^i^i^'® surface foi 
•width of 250 miles ’ visible canopy has a 

an? toe, S‘"Sh»'7%““ »'“>■”•. %!.( 
bell, ana toe p"e™hn. mt“. 

latitudes The belts movA xr winds of highei 

Snn m a e.m.kr way to the DotoaoM 5 ?"*’* 

«i.?eSo?r^i“ “SlL“r,““'“ “““‘P"®. ■» 

means th/L.„“f . W Sal amonrS 

m a measured volume of air S ?h * ^ ^q^ieous vapour 
volume would contain if the an which the 

Aqueous VAPOUR ) InmactirA it 

the humidity of air is determined* stations, 

the dry and wet bulbs with th the readings of 

the purpose and called humidftv\ai°/ prepared for 
tables But humiditv is th?2«^t i« 

meteorological elements as it d ontmary 

sample ot air We®’ oL the 

temperature Hence the recoTJr 
hygrometer which can be owiJna^i ^ self-recoi ding hair- 
difterentfrom an ordinary baioi^mh ^ much 

tive record In the spnn? aW ^ 

spring and summei it sometimes 
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shows veiy high humidity in the night and early morning, 
approaching or actually reaching satuiation, and very 
gieat diyness, perhaps only horn 15 to 20 per cent 
humidity, in the sunny pait ot the clay, with very rapid 
changes soon aftei sunrise and towards sunset These 
are the changes which coriespond with the chaiacteiistic 
changes in the feeling ot the an at the beginning and end 
of the day 

Humcane—in French, ouragan, in Geiman, Danish 
and Swedish, oikan A name [of Spanish or Portuguese 
oiigin] given primarily to the violent wind-storms of the 
West Indies which aie cyclones of diameter ot fiom 50 to 
1,000 miles, wherein the air moves with a velocity of 
from 80 to 130 miles an hour round a central calm space 
■which, with the whole system, advances m a straight or 
curved track , hence any storm or tempest m which the 
wind hlow's with teirific violence ” (New English 
Dictionary^ The hurricanes of the Western Pacific 
Ocean are called typhoons in China, and baguios in the 
Philippine Islands Those of the Indian Ocean, which 
are experienced in India, are called by the Indian meteoro- 
logists cyclones of the Aiabian Sea or of the Bay of 
Bengal , while the hurricanes of the South Indian Ocean 
which visit Mauiitius are also called cyclones 

Shakespeare uses the word hurricano foi a water-spout 

Oveileaf is a reproduction of a barogram showing the 
variation of pie&sure during a cyclone which passed ovei 
Cocos Island, Sumatra, in 1909, November 27th It is 
interesting to notice that in spite of the rapid tall of 
pressme with the onset of the cyclone the diurnal varia- 
tion of t]ie barometer is still apparent and it reappears 
before the normal level is recovered 
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[L — ^05 isl and Barosra m Novembe 


r, 1909 


vanation shows a marked seasonal 

Manwl for the Use of SeamVi 


TaUb of Tboorded Hurriuines, Oyclofies, and Tyiihoons, to 
pails of the Woild 


Variation of the Barometer during a Hurricane 157 
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The force of the ’wind -which is experienced in hurri- 
canes IS equalled, it not surpassed, in the tornadoes which 
occur on the American Contmenr, but the aiea affected by 

m width ^ narrow snip a few miles at most 

no B^iinfoit Scale of -wind force the name hurricane 

^ of foice 12, and its -welocitT equivalent 
IS set at an hourly velocity exceidinj^ 34 m/s, oi 75 mi/hr, 

velnenii Ordinary exposures a wind with an hourly 

cu^efinL include gusts of con- 

■L ^ liigher velocity, reaching a bundled miles an 

Mm strongest lecorded gust in the British 

Hydrometer —An instrument tor measuring the 
density pi specific gravity of sea-water See 
Observer's Handbook, M 0 Publication 218 

Hydrosphere —The name given to the layer of water 
Ltwem^tbe'’^^^® depth lying on the earth’s surface, 

atmosphere, the gaseous envelope above 

inS?m\nf^f?r^;^^a RAIN-GAUGE, an 

tbf f^n nf ^ "^^cording automatically and graphically 
the fall of ram (See Observer's Handbook ) 

ins?uSt^o?^A^^ self-recording HYGROMETER, an 

rzr4'“f“i t 

generally employed for the purpose. ' gJ’ometer is 



Hygrometer 


159 


mstnimcnt for dotorncuniiig tliG 
humidity ot the atmosphere Almost all materials exposed 
to the weather aie affected by the humidity of the an so 
that It IS easy to form a rough estimate of whether the ’air 
IS damp or dry Many different materials such as hair 
catgut, the awm or beard of the wild oat, flannel, have 
been used in instruments to give an indication of the 
state of the atmosphere in this respect But foi the 
purposes of meteorology there arc three well-known foims 
of hygrometer the hair-hygrometer, the indications of 
which depend upon the length ot a hair or a bundle of hairs 
exposed to air of differ ent states of moisture , the dew-point 
hygrometer, in which a polished surface is artificially 
cooled until a deposit of dew is produced and the DEW- 
POINT determined , and the PSYCHROMETER, or wet and 
dry bulb hygrometer, m which the temperatures of a bulb 
covered with moistened muslin and of a dry bulb close to it 
are read and the humidity determined by tables 

The psychiometer is in almost universal use at meteoro- 
logical stations, as it is the least dependent upon the skill 
of the observer , but a few hair-hygrometers are also em- 
ployed for eye observations, and for automatic records 
either at the surface or in soundings with kites or ballon s- 
SONDES the hair-hygrometer is generally used 

Hyg’roscope — An instrument for showing whether 
the ail IS dry or damp li its indications are sufiflciently 
regular to permit of graduations, it can be made into a 
HYGROMETER Any substance which is hygt oscopic, that is 
to say, which is affected in shape, size, or appearance by 
the variations of moi4uie in the air can be used as a 
hygroscope A bundle of seaweed is sometimes used, 
(the hygioscopio substance in that case is the salt) , tire 
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ordinary “ Jacky and Jenny ” 
support IS another example 


in a toy house with a catgut 


Hypsometer The woid is derived from hapsos, and 
means an instiument for measuring height, but it is 
employed exclusively for apparatus tor determining very 
piecisely the temperature of the boiling point of water 
iiiat ainounts to the same thing as measuring the pressure 
at which the water is boiled, because the boili^ point 
depends upon pressuie of the atmospheie, and a table 
ot the relation between the two makes the reading of the 
temperature equivalent to a reading of the baiometer 

Table of the boiling 'point of water under pressures 
occurring in the atmosphere up to about 8000 feet 


Boiling Point 


Pressure 


Millimeties of mercury 
lat 0°C sea level, lat 45° 


Millibars 


a 

374 

373 

372 

371 

370 

369 

368 

367 

366 

365 

364 


mm 
787 67 
760 00 

733 16 
707 13 

681 88 

657 40 

633 66 
610 64 
588 33 
566 71 
S4S 77 


mb 

1050 12 
1013 23 

977 45 
942 74 
909 08 
876 44 

844 79 
814 10 

784 36 

755 54 
727 62 
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From the pressure (with a corresponding readmq lower 
down, which may, should, or must he assumed) the 
height can be computed 

The hvpsoineter has advantages for measuring heights 
as a substitute for a mercury barometer, which is a 
troublesome instrument to carry on a journey of ex- 
ploiation With a pair of thermometers that have all 
modern improvements, and with careful manipulation, 
the tempeiature can be measured to one- thousandth of a 
degree, corresponding approximately with 0'*1 inch, or 
03 millibar, that is to say, the pressuie can be determine 1 
to the equivalent of one foot of height That, however, 
IS not to be attained by the inexpeit traveller in a hurry 
Ice -—See p 321 

Icelbergr — ^ large mass of ice that breaks away from 
the tongue of a glacier running into the sea and floats 
away An account of the subject is given in the Seaman"^ s 
Handbook Icebeigs drift with favourable winds and 
currents into latitudes of forty or fifty degrees The final 
period of their life history is not very well understood , 
there seems to be a sudden ending that is not accounted 
for Nobody has apparently “stood by” an icebeig on 
the track of Atlantic steamers until the end came Nor 
do we know through how many seasons, for example, a 
North Atlantic iceberg floats, or lies aground, between its 
“ calving ” and its dissolution It probably weathers one 
season but collapses in the second 

Incandescence — The spontaneous glow of a substance 
in consequence of its temperature The word is now quite 
familiar m consequence of the incandescent or glow-lamp 
which IS luminous on account of the temperature to which 
the carbon or metallic filament is raised by the elecliic 
18204 F 
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substance becomes incandescent when 
i7 temperature thus lightmng 

vluo^r TK mcandesceut air, the sun incandescent 
IS temperature at which incandescence begins 

filures I™ substances, so the following 

Sde ral approximate -Red hot covers a 

Stv IS about 1000a 

SiTnnrk^ Orange 1400a White hot 150()a The 

sun faUOOa Carbon melts at 4300a, platinum at 2000a 

scale of an 

Mex^ is taken Two 

tim^ bx « f fingers, are required to tell the 

iTio* but only one index is lequired in read- 

thf 1® *^e toP 0^ 

the end m the ordinal y thermometer 

thermometer is the index In a maximum 

meSv ,s t^ , *^® detached thread of 

sneeial mdov ^ In a minimum thermometer a 

Sent In hnlK^lf "®®'^ *^® 

one reading to make it ready for another 

index.^^^ nianner every measuring instrument has its 

Index-error See Error 

isation^nf^aW^T!~*i^^®^^il^^^ exposure to sunshine , solar- 
to tVie Enit *^® sense It is now applied 

objects (wS terrestrial oi planetary 

partnmlar^narf nf ®n^nr-radmtion which reaches any 
Kds unnn n w?® in any one day 

aSi of <^n8tant of solai-radiation, C2) the 

of the intercepting surface and its inclination to the 
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sun s raj s, (3) the transparency of the atmosphere, (4) the 
position ot the earth in its orbit The following table 
quoted from Angot is taken from Willis Moore’s Desoip- 
five Meteorologtf 


OoA^lated Insolation Beaching Karth^ assuming the mean 
coefficient of transparency of the atmosphere to he 0 6 
(Angot) ^ 


Latitude 

January 

February j 

0 

April 

May 

June j 

July 

-p 

ai 

fS 

fee 

p 

September 

October 

n 

p 

iX> 

a 

i 

t 

December | 

Year 

N 

90' 

0 0 

0 0 

0 0 

I 4 

6 7 

9 9 

7 9 

2 4 

0 I 

0 0 

0 0 

0 0 

28 4 

8o° 

6o° 

0 0 

0 0 

0 2 

2 7 

7 5 

10 3 

8 5 

3 8 

0 5 

0 0 

0 0 

0 0 

33 5 

0 I 

I 0 

3 9 

8 2 

12 0^13 8 

12 6 

9 2 

4 9 

I 5 

0 2 

0 0 

67 4 

40° 

3 3 

5 7 

9 4 

12 9 

1$ 3 16 2 

15 6 

13 5 

10 2 

6 6 

3 8 

2 7 

115 2 

20'’ 

9 0 

II 2 

13 6 

15 2 

15 8,15 9 

15 8 

15 3 

14 0 

II 7 

9 4 

8 2 

155 I 

Kquatoi 

S 

0 

H 9 

15 3 

14 6 

13 5 

12 8 

13 I 

14 2 

15 0 

15 0 

14 2 

13 6 

170 2 

20° 

16 8 

15 9 

13 9 

II 2 

8 8 

7 7 

8 3 

10 5 

13 I 

15 3 

16 6 

17 0 

155 X 

40 

60° 

16 6 

13 9 

9 9 

6 0 

3 4 

2 4 

3 0 

5 2 

8 8 

12 8 

15 9 

17 3 

115 2 

13 4 
8 8 
8 3 

9 2 

4 4 

I 3 

0 I 

0 0 

0 I 

0 8 

3 4 

7 8 

12 3 

14 6| 

67 4 

Ho 

3 5 

0 4 

0 0 

0 0 

0 0 

0 0 

0 0 

0 I 

2 3 

7 4 

II ol 

33 5 

90 

2 I 

0 0 

1 

0 0 

0 0 



0 0 

0 0 

i 

0 0 

0 0 

I 0 

6 5 

10 5 

28 4 


The unit is the amount of energy that would be received 
on unit area at the equatoi in one day, at the equinox, 
with the sun at mean distance if the atmosjihere were 
completely transpaient It is 458 4 times the solai 
constant, or in gramme calories per minute 885, taking 
the solar constant to be 1 93 

*'13204 ^ 2 
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Inversion. — An abbreviation for “ inversion of 
temperature-gradient” (see Gbadient) The tempera- 
ture of th“ an geneially gets lowei with increasing height 
but occasionally the reveise is the case, and when the 
temperature increases with height there is said to be an 
“ inversion ” 

There is an inversion at the top of a fog-layer, and 
generally at the top of other clouds of the stratus type 
Inversions are shown in the diagram of variation of 
temperature with height in the upper air, p 38, by the 
slope of the lines upwards towards the right instead of 
towards the left, which is the usual slope In the 
troposphere inversions do not generally extend over any 
great range of height , the fall ot temperature recovers 
its march until the lower boundary of the stratosphere is 
reached At that layer there is generally a slight inversion 
beyond which the region is isothermal, so far as height is 
conc^'rned lor that reason the lower boundary of the 
stratosphere is often called the “upper inversion” 
In some soundings with ballon s-sondes from Batavia 
the inversion has been found to extend upwards foi 
several kilometres from the commencement of the strato- 
sphere 

It IS important also to note that frequently in anti- 
cyclonic veathei,and especially cold anti cyclonic weather, 
mere is often an inversion at the suiface , the temperature 
increases upwards instead of decreasing 


Ion The name selected by Faraday for the com- 
ponent paits into which a chemical molecule is resolved 
electrolytic action of an electric 
current. Ot the two component ions one is always elec- 
tro-positive, and the other electro-negative The electro- 
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negative ions consist of atoms of oxygen, chlorine or some 
other corresponding element or radicle, and the electro- 
positive ions consist of atoms of hydrogen, potassium, or 
some other metallic element or radicle Each electro- 
positive ion IS called a cation It is charged with a 
dehnite quantity of positive electricity and travels with 
the electric current to the cathode, the conductor by 
which the current leaves the solution, while the electro- 
negative ion, called the anion, is charged with an equal 
quantity of negative electricity and travels against the 
electric current to the anode, the conductor by which the 
current enters the solution 

It IS supposed that a solution which will conduct an 
electric current is ionised by the spontaneous dissociation 
of the components of its molecules and the consequent 
formation of free ions carrying their appropriate electric 
charges In a solution, recombination and dissociation 
are constantly going on and the electric current causes 
the free ions charged with positive electricity to move 
slowly with the current and those charged with negative 
electricity to move against the current 

Similarly, a gas may conduct electricity to a less extent, 
but m the same way, as a solution when it contains 
free ions, which may be produced by the action of radio- 
active agents, ultra-violet light, very hot bodies, the 
combustion of flame and in other ways The conduction 
of electiicity through the atmosphere is now, therefore, 
attributed to the tree ions which exist in it, and its 
capacity for conducting electricity is attributed to its 
ionisation 

The ions in the air may be atoms of hydrogen or 
oxygen, or they may be aggregates of those atoms with 
some other material 
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A certain number of the ions in atmospheric air doubt- 
less arise from the racho-actne materials i^the soil 
These matexials give rise to an emanation, as it is called 
Tf rf surface through the S 

1 + % .? naturally depend orS 

^ate of the soil, whether damp or dry, frozeii or covered 
With snow, and presumably also on variations of the baro- 
metric pressi^e which piomote oi check the escane of 
emanation Other ions must be product bv l,ffS f?o™ 

h.S° ansa 

fsfii 1 “ ground, where sunlight is stronger and 

^ ir.Td.t“„ "toe' Je“" ,?* 

lomsation — See p 322 

itSSSSr-HS-a 

fenowl^LcismMnT" een Tn f urns’ 

clouds up to abou/25'=fiom the s™ 

seen at times on the eicrpa pf 41,0 + he also 

cumulus clouds The boundarv strato- 

not a circle with the sun a^ 

rather tends to follow the rm+i ^ COROKA, but 

probably noire 

Which produces the colours ^ ^*®^*’^y’”'ater drops, 
diffraction of hX scat^erfd i but to the 

dropsa and are to be TlS «*“' 

D.ff„ot.on.ool.a„ ,o,„ed ^toaftopda Ih, 
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same way as in the corona, become more brilliant as the 
cloud gets older and the drops more unifoim in size 
Hence it seems piobable that an iridescent cloud is an old 
cloud that has been diifting for some time 
Isabnormals. See Isanomalies 

XsanomallES ihis woid is a combination of the 
prefix ISO- and the word ANOMALY, which, like the 
more common adjective anomalous, signifies depaituie or 
deviation fi oin normal The normals used foi lefeience 
are obtained on various plans Normals of tempeiature 
have been obtained by taking the general mean of the 
observed temperatures of successive parallels of latitude 
and thus assigning a normal temperature to each latitude , 
isanomalies of temperature are then the departures of 
mean temperature tor any place from the normal lor its 
latitude , places that are relatively warm for their latitude 
have a positive anomaly, and places that are relatively 
cold for their latitude a negative one Isanomalies are 
then lines on a map showing equality of departure of the 
average temperature of any place fiom the normal for 
its latitude 

There are, however, not many meteor ological elements 
which can be said to have a normal value foi latitude, 
and it IS usual to employ as normals for any place the 
average or mean value tor a long period of years 

In that case departures, or differences from the normal 
for the corresponding period, of the value for any one 
period, say a month or a year, are called ABNORMALS or 
abnormalities, and a chart showing equality of departure 
from the normal a chart of iSABNORMiLS Isabuormal 
is an objectionable compound because it is made up of a 
Greek prefix and a hatin body , if the departures are to 
be called abnormals the lines of equal departure ought to 



168 


Glossary 


be called equi-abnormals, so that the tendency is to nse 
ISANOMALIES for lines of equal departure of a value from 
its long period average. 

Iseatropio —■Without change of ENTEOPX (ov) gen- 
erally equivalent in meaning to adiabatic ^ 

-r prefix ISO- is the Greek equivalent of the 

Latin EQUI- and implies the settmg out of lines on a chart 
or diagram to show the distribution of set values of some 
meteorological element The words with this prefircan 
generally be interpreted by the reader on this basis 
sotn^examples are set out under the separate heading 

Thus — 

m'S pS,r “o™* 

ISOHTBTS, from hwios, are lines showing eonal 
amounts of rainfall equal 

ISOPLETHS, from plethos, lines showing eaual 
amounts of a meteorological element ^ ^ ^ 

p”- 

“l"*! 

Isobars If some of the air weie removed from a 

rr^slrtUS'^ouH trcTa^^^^ tllulh 
^l^tTf iir *nZ“rnySsom '‘^fT 

any means removed the uressnrB 
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districts would tend to force air into the region of deficient 
pressure Such areas of deficient pressure are found to 
exist, but for the following reason the air does not actually 
fiow into them Anything moving above the surface of 
the eaith will continue to move in a straight line it no 
force acts on it , but the eaith in its rotation turns 
under the moving body , the moving body is therefore 
apparently defiected to the right in the Northern Hemi- 
sphere This IS true of a cannon-ball, and it is true of a 
moving GUI lent of an Hence the wind does not actually 
blow into the area of low pressure , air from the North is 
deflected to the West side of the area, an from the West to 
the South side, and so on , the wind therefore instead of 
blowing straight in fiom all sides blows round an area of 
low pressure counterclockwise in the Northei n Hemisphere 
We thus have the apparent paradox of a force tending to 
push the air into the centre of the low pressure area while 
the air is actually moving round the centre at right-angles 
to the force that is acting on it There are many examples 
of similar things in nature , the Earth’s motion round the 
sun tor instance , oi the water in a basin when theie is 
a hole in the centre from which the plug has been taken 
out ; the slightest circular motion sets up a swirl, and the 
water moves round the basin at right-angles to the force 
of gravity which is tending to foice it towards the hole 
In the case of an area of high pressure the air blows 
out from the high pressure, but it is dedected to the right 
as in the former case, with the result that the wind blows 
round tJie area of high pressure iii a clockwise direction. 
In either case if you stand with your back to the wind 
the low pressure will be on your left hand, this is Buys 
Ballot’s law In the Southern Hemisphere the le verse 
is the case 
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If the observed heights of the baeombter (reduced to 
sea level) from a number of places are put on to a map 
and arrows are put in to represent the diiection of the 
wnd, we have a weather map which at first sight looks 
lEe a disordered collection of figures , we may make it 
clearer, however, by drawing lines through ])laces where 
he barometer stands at the same height , thus we may 
raw through all places where the barometer 

stands at 1015 mb , another through all places where it 
s ancLs at 1,010, and so on Such lines are called ISOBARS 
It may happen that we cannot find any station where the 
barometer stands at say 1,015 mb , but it we find one wheie 
It stands at 1,()16 and another where it stands at 1,014 we 
take It that the 1,015 line passes midway between the 
two stations When the isobais are drawn in we can 
readily see the shapes of the aieas of low and high 
pressure, aM we see also that the wind blows in accord- 
ance wi h Buye Ballot’s law The areas of low pressure 
are called CYCLOMS, DEPRESSIONS, or simply LOWS the 
areas of high pressure anticyclones, or HiGHS 
The isobars are analogous to contour lines on an oi di narY 
pressures corresponding to the hills, the 

strfliffJit f moving air does not go 

thT&f the highs to the lows, but it blows lound 
tJie highs in a clockwise, and round the lows in a counter- 
desS direction On the contours of the earth we may 
descend from a height of say 1000 feet to 500 feet by a gentle 

*” place wf™, 

vill run the former case a stream 

toien^?nfl It be a swift 

wr^v waterfalls So with the pressure , 

“reir it ^ the baro- 

j y? 0,^0 millibars to another where it reads 
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1015 millibars, oi we may have to go only a comparatively 
short distance The steepness of the gradient on a map is 
measured by the distance between the contour lines , the 
steepness ot the barometiic gradient is measured by the 
nearness of the isobars The strength of the wind 
depends on the steepness of the barometric gradient, jusc 
as the velocity of the stream depends on the steepness ot 
the slope, but the analogy is not quite perfect £oi the 
stieam runs down the slope across the contour lines, 
whereas the wind blows nearly along the isobars with a 
slight inwaid cuivature towards the low pressuie In 
the case of the wind close to the surface if the five- 
milhbar isobars are 400 miles apart the barometric 
gradient is slight, and the wind will be about 10 miles pei 
hour , if the distance apart is 60 miles the gradient is 
steep, and the wind will be about 70 miles per hour The 
wind calculated from the barometric gradient is called the 
GRADIENT WIND or, if no allowance is made for the cur- 
vature of the path of the air, the GEOSTROPHlC WIND , 
it IS in most cases the wind met with at oi about 1500 feet , 
nearer the surface, owing to the friction, the actual wind 
is less than the gradient wind The gradient wind as 
stated depends principally on the distance apart of the 
isobars , it is modified, however, to a small extent by the 
variations of density of the moving air and therefore by 
the height of the barometer and by the temperatuie , a 
table 18 given on pp 172-173 showing the geostrophic 
wind for various pressuies and temperatuies according to 
the formula of p 136 The values are dependent upon 
the latitude and aro given in the table for two latitudes 
52° and 40° 

Fuither tables are given m the Gomputer^s Handbook 
M O 223 Section 11, 



1 ABiiSl showing the distances apart m nautical miles of consecutive 
10 mb isobars corresponding with stated geostrophic wind- velocities 
at various pressures and temperatures m latitudes 52® and 40®. 
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Distances apart, m nautical miles, of consecutive 
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It we put dowa on the weathei map besides the baro- 
meter readings andthe wind arrows, the state of the weather 
we shall see that in anticyclones it is usually fine, while 
in the depressions it is rainy and cloudy on the East side, 
and finer on the West side of each depression The 
weather in fact is intimately connected with the shape of 
the isobars As this is a most important fact in meteoro- 
logy it will be well to consider a little more closely the 
areas of Jiigh and low pressuie 

A DEPRESSION IS a pait of the atmosphere where the baio- 
YT\ suirounding parts (See PI 

Al) The isobais loiind such an area are more or 
mss circular or oval, though there are often irregularities 
ihe size of a depression may vary enormously , one may 
cover only a part of an English county, another may fill the 
whole space betw een our islands and the Arctic cii cle Some 
are much deeper than others , a deep depression is one where 
the barometer is \eiy low near the centre , a shallow de- 
pre^ion is one wheie the barometei, though low near the 
yery nauch lower than in the snrionnding 
districts North of the Equator the wind blows round 
the depression in a counter-clockwise diiection, and the 
steeper the barometric gradient, that is the deeper the 
depression, the stronger is the wind The sky is dull and 

thT^n n depression, with ram near 

Ih! f oii tJie noith-east side ISTeai 

i w 1* a® “ f an abrupt change 

of wind direction from south on the east side, to north on 

ofte^sntafis® n IS teayy ram and 

"w^sst side, in the region of noitherly 

deSed""^? a ^ winds, the cloud sheet is broken up into 
^ ® further apart, fewer, and less 

rainy the further one goes from the centre 



^late XI 


ANTICYCLONE. 

DISTRIBUTION OF WEATHER, WIND, *AND PRESSURE, 
7 A.M 17th NOVEMBER, 1916. 



ISOBARS are drawn for intervals of five juilU- 

bar«5 

WIND ■— Direction is shown by arrows flying 
with the wind 

Force, on the scale 0-12, la indi 
cated by the number of feathers 
Calm 


WiATHm.— Shown by the following symbols 
Q clear sky i clouded 

f sky ^ clouded ^ sky f clouded 
oveioast skr 0 rain falling 
snow A hail — fog 
mist T thunder TC thunderstoi 
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If we note a depression on a weather map for one 
day we shall usually find that on the map for the tollo w- 
ing day the dfepression has moved m an easterly direction , 
a depression seldom remains long in one place, and its 
drift IS usually towards some point between north-east and 
south-east, though there are exceptions 

Since the air in fiont of a depression is coming from 
the south, and in the lear fiom the north, there will often 
be a great difference of temperature between the two sides 
This is particularly noticeable m winter when the 
approach of a depiession is heralded by warm, and its 
passing away by cold weather 
As the depression moves it cariies its weather and wind 
system with it, so that an observer situated on its track would 
have the following sequence of weather —The barometer 
begins to fall, the wind becomes southerly, the sky 
becomes overcast and the weather muggy, and in wun^er 
the temperature is well above the normal , the clouds get 
thicker, the wind stionger, ram begins to fall , as the 
centre approaches the baiometer gets lower, the wind gets 
stronger and the ram heavier , as the centie passes ovei 
there are often gusts of wind or squalls, with heavy ram, 
‘‘clearing showeis”, the barometer ceases to fall and 
commences to rise , the clouds show signs of breaking, 
and the wind changes round to the north or noith-west 
and often blows more strongly than it did before the 
centre passed , as the centre moves away the wind lessens, 
the ram ceases, or only occurs m showers, the sky clears. 
The rate at which these changes take place depends on the 
size of the depiession and its rate of tiavel , 24 hours is 
an ordinary time for such changes to be gone through, 
but it may bo longer and it may be shorter The above 
sequence of weather is a typical one, but there are many 
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differences m individual depressions, some are lainy 
without much wind, others bring much wind, but not 
much rain ’ 

The above typical sequence ot weather will only be 
experienced by an observer who is on the track of the 
centre of the depression One further south will have 
south-westerly winds at first, with dull weathei, becoming 
rainy, the wind will gradually veer to the west when the 
centre is passing to the north, the barometer will begin to 
use and the wind will veer further to ihe north-west as 
the centre passes away An observer a long way from 
0/ centre will perhaps only experience a 
slignt lall of tiie barometer, "witli cloudy weather 

An observer north of the track will have south-easterly 
or easterly winds at first, with probably much ram ; the 
wind will back to the north-east or north as the centre 
passes to the south The winds on the north side of a 
depression are usually less strong than those on the south 
side, the isobars on the polar side being less crowded 
together than those on the equatorial side. Thus a 
depression passing on the south gives less wind, but 

Crto Passing oa the 

north Gloomy days with an east or north-east wind, 

depressions passing to 
north observer The easterly current on the 

Xter ^ ^ * depression frequently brings snow m 

If high clouds are visible they will freouentlv ho 
to bo „o™8 .wj tt, ofTo ’ “os’;.,' 

^us a ^uth wind on the surface, vith high clouds 

dopSo^S Z S’ “ “ ““ “““““ “ 
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DEPRESSION. 

DtSTRIBUTION OF WEATHER, WIND, AND PRESSURE, 
6 P.M. 13th FEBRUARY, 1915. 



ISOBARS are draw« for intervals of ten milli- 
bars 

WIND*- Direction la shown by arrows flying 
with the wind 

Force, on the scale 0-12, is indi 
Gated by the number of feathers 


WEATHBR —Shown uy the following symh 
Q clear sky (Qsky i cloude 

([P sky \ clouded ^ sky | cloude 
^ overcast skv A rain falling 


T thunder T5 thunder 
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At timeb, especially in summei, very small depressions 
are apt to torm , seveiai such depressions are sometimes 
seen on the weather map tor the same day , they tollow 
the same laws as large depressions, but being shallow 
they do not usually occasion much wind, they bring 
heav> rains and thuiiderstoims in the summer 

An ANTICYCLONE,^ or high-pressure system, is the 
contrary to a depiession , here the barometer is high in 
the centre, the isobais aie usually more or less circular 
01 oval, they are also usually further apart than is the 
case in a depression, theietore the winds in an anticyclone 
are usually lighter An anticyclone is not so small as 
the smaller depressions, though the large ones may equal 
it 111 size It often covers a large area An anticyclone 
moves but slowly and iiiegulaily , it may remain in the 
same position foi many da;^s, or even weeks, at a time 
The weather m an antic;^ clone is usually fine and bright, 
though extensive cloud sheets may form, and fogs are 
prevalent in winter , ram seldom falls, and persistent 
rain never 

The demessioii and the anticyclone are the mam 
arrangements of isobars, but there are five other shapes 
each oi which has its characteristic weather 

The S^^CONDARY DEPRESSION —Sometimes in the 
neighbouihood ol a depression, usually on its southern 
side, the isobais take a slight bend outwards, marking the 
position of a small centie ot low pressure , such a 
depiession usually tiavels forward in the same direction 
as the main depiession, and may even outstrip it in rate 
of travel It usually pioduces much ram, and sometimes 
much wind In the summei secondary depiessions are 

* lUustiations ot the various types ot isobars are given under the 
respective headings Antioxoloxe, Seoojsidaey, &c 
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often very shallow, and resemble the shallow depressions 
already noticed , like them they occasion heavy ram and 
thunderstorms When they are secondary to deep 
depressions they often cause a crowding tosrether of the 
isobars on their southern side, and thus occasion strong 
winds 

The Y-shaped depression— This is a further 
extension of the Secondaiy , the isobais, instead of 
bulging out slightly, extend out a long way in the foim 
of the lettei Y The wind on the east side is from a 
southerly point, that on the west side from a northerly 
point, in accoi dance with Buys Ballot’s law , the east side 
IS a region of cloud and ram, often heavy driving rain , 
over the central line theie is an abrupt change, very fine 
weather being experienced on the west side As the 
Y-shaped depression moves over any place the observer 
experiences southerly winds and diivmg lain, both wind 
and ram becoming stronger as the central line approaches , 
as it passes over theie is a sudden change of wind to a 
northerly point , the ram stops, and the sky rapidly clears , 
the central line is often a legion of heavy squalls , there 
is a marked fall of temperatuie with the passage of the 
central hne See Plate XY 

Wedge op high pressure — Between two depressions 
there is often a region of high piessure where the isobars 
aie shaped like an inverted Y , the high-pressure wedge 
usually extends from an anticyclone poleward between 
two depressions that are skirting the northern edge of the 
high pressure The wedge moves forward in an easterly 
dnection between the two depressions , it is m fact merely 
the relatively high pressure between the depressions 
The front of the wedge is often a region of extremely fine 
weather with northerly winds, rapidly becoming light as 
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the central line approaches , on the central line there is a 
calm , after its passage the wind backs to the south-west, 
clonds begin to come up, and ram usually follows rapidly 
as the new depiession approaches After the passage of a 
depi ession, if the weather clears up vei y rapidly and the 
wind falls quickly, it is usually the sign of the approach 
of a wedge , m such a case very fine weather may be 
forecasted for a few hours, followed again by bad weather 
“ It has cleared up too quickly to last ” 

The COL — A col IS a region between two anticyclones, 
and may be likened to a mountain pass between two 
highei peaks Since the wind is blowing lound the two 
anticyclones m a clockwise direction the col is a region 
where light aiis from very different directions are brought 
into close proximity This gives conditions for fog in 
cold weather, and for thunderstorms m hot weather 

Straight isobars — Occasionally the isobais run 
straight ovei a very considerable area In these Jatitudes 
straight isobars usually have the lowest pressure to the 
North, and thus in accoi dance with Buys Ballot’s law the 
winds aie westerly Theie may be a great diversity of 
weather in a region of straight isobais, foi it must be 
remembered that the northern side extends to a low-pies- 
sure legion and the southern side to an anticyclone , there- 
fore in the Noithern region we get much cloud and some 
rain, in the Southern clear skies and fine weather 

Ma3or Gold, D S 0 , Commandant ol the Meteorological 
Section, G H Q , makes the following comments, which 
faiily illustrate the difficulty of making positive state- 
ments about the relation of weathei to isobars 

Straight Isobars — If the anticyclone is a warm one, the Southern 
side^ also, gets cloudy skies and rainy weather, see January 6th, 19 16^ 



180 


(^lo^sary. 


January 4fcli, 5th 1914 January 2nd, 10th, llth, 12th, 17th, 18th, 1910 
Perhaps there is a seasonal variation in the weather in straight 
isobars In January they neatly always ‘?sem to get ram right to the 
edge of the anticyclone Straight W to E isobars usiwlly nnan cool 
or moderate temperature in Summer and lather mild in Winter One 
gels also straight isobars running from S to N (See Januaiy, 1^>H 
not much ram hut some clnnd and mist) Thunderstorm weather 
when It IS very warm to the South 

Also N to S straight isobars (January 2nd, 12th 1911 , December, 
19H squally sno ' , hail and sleet weather in winter September 
29th 30th, October 2nd 3rd, 4th, 1916, shov ery , thundei in Flanders) 
wedge when the dominant anticyclone is to the North, it is more 
stable than the wedge proper (which is voiy unstable as a rule) and 
gives X winds on the E side and E winds on the W side 


It IS the business of the forecaster who has a weather 
map before him to note the arrangements of the isobars, and 
the positions of high and low pressnie, he must note 
whether the low-pressure systems are m<un depressions, 
secondaries, or V-shaped depressions , he has to judge 
from the map the directions m which the disturbances 
^e likely to travel, and, knowing the weather which each 
kind brings, to warn different districts what wind and 
what kind of weather they are to expect In judgmo' the 
direction of travel the meteorologist is guided by certain 
rules and by past experience , a depression usually tiavels 
trom some point between south-west and north-west to 
some point between north-east and south-east , they 
frequently skirt the Western seaboard of Europe , thei do 
not ^ss through anticyclones , when an anticyclone is 
situated to the West of these islands depressions do not 
come m from the Atlantic, but there is then a tendency 

down our 

Eastern coasts The meteorologist must also forecast 

Easterly 

winds on the North side of a depression cold weatljer ip 
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likely, with snow in winter, the approach of a depression 
from the west during a frost in winter is sure to bring 
about a thaw on the southern side of its path The endless 
varieties of weather must, as tar as possible, be foreseen 
by the meteorologist with the map before him 

The solitary observei who has no means of making 
a map may however recognise some ot the signs of the 
approach of certain types of weather Remembering 
Buys Ballot’s law, and watching his barometer, he may 
recognise the appioach of a depression, and may even on 
many occasions roughly plot out its track , he may often 
tell whether the fine weather is of an anticyclonic type, or 
whether it is the result of a wedge and therefore only 
transitory In short, if he has a knowledge of the 
pimciples disclosed by weather maps and has a barometer 
he will be m a much better position than his neighbours 
to forecast the weather from local manifestations 

' Isothermal — of equal temperature An isothermal 
line IS a line of equal temperature, and, therefore, is the 
same as isotherm 

Isothermal is frequently used m meteorological writings 
on the upper air for the so-called ‘‘isothermal layer” by 
which is meant the layer indicated m the records of all 
ballons-sondes, of sufficient altitude, by the sudden 
cessation of fall of temperature with height and generally 
by a slight INVERSION (see also gradient) followed by 
practical uniformity of temperature The layer is not 
really isothermal Its temperatuie on the occasions when 
simultaneous soundings have been secured at different 
places shows a temp^^rature-giadient in the stricter sense 
of difference of temperature at the same level, and an in- 
spection of the diagram reproduced under Ballon-Sonpb, 
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lepresentmg the results of a laige number of soundings 

+1 of temperature 

a he highest layei is greater than the range at the surface 
cut It IS also clear fiom the diagram that in each single 
sounding the balloon reaches a region where the thermo- 
meter ceases to fall To avoid the misconception which 
the use of the word isothermal tor this region would imply, 

largely instrumental 
in Its discovery, coined the word stratosphere, while he 
gave the name of troposphere to the region below These 
names have now been generally adopted The strato- 
sphere has also been called the advective region, in 
contradistinction with the convective legion below it 

We are stdl without any effective explanation of the 
origin of differences of temperature which are found in 
the btratospheie , they must probably be classed among 
the most fundamental characteristics of the general 
circulation of the atmosphere and among the primary 
causes of the changes of weather, but hardly any light has 
been thrown on the mechanism of the process 


Katabatic — Referring to the downward motion of air 
due to convection A local cold wind is called katabatic if 
it IS caused by the giavitation of cold air off high ground , 
such a ^ind may have no relation to the distribution of 
atmospheric pressure See Boea and Beebze 


KliaillSiii A hot, dry wind which passes over the 
Egyptian plain from the southward, forming the front of 
depressions passing eastward along the Eastern Medi- 
^rranean^, pressure tp the 

East of the Nile in Middle Egypt ^ 
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Kilometre — A length of one thonsand metreB, 
approximately fiTe-eighths of a mile 

Lake —The watei that collects in a hollow oi depres- 
sion m the land’s surface In meteoiology a lake serves 
the purpose of a huge lain-gauge, and, subject to some 
allowance for lag and evaporation, indicates the variations 
m the collective rainfall of the area which it drains For 
example, the Victoria Nyanza under the equator, apart 
from gradual fluctuations of level which in the last 
twenty years ha\e followed closely the variations m the 
SUNSPOT-NUMBERS {q V ), has a seasonal variation which 
IS connected with the seasonal rainfall of the spring? and 
early summer and of the late autumn in equatorial Africa 
(see Climatic Tables) 

Land-Breeze — A light wind passing across a coast 
line from the land, seamaid It geneially begins with 
the setting in of coolness in the evening and disappears 
with the advance of temperatuie over the land in the day 
time, or is replaced b^ a sea-breeze, and it is theiefore 
regarded as a katabatic wind due to convection between 
the colder layer ovei the eaith and a warmer layer ovei 
the sea In sunny weather there is a largo diuinal change 
of temperature in the land and hardly any in the sea, and 
the direction of the wind is regarded as alternating with 
the direction of the temperature-gradient along the level 

Lapse, from the Latin lapsus^ a slip, a word suggested 
for use instead of gradient (which is from gradus a step) 
to denote the loss of temperature or pressure of the 
atmosphere with height So that lapse-rate^ or lapse-ratio^ 
for temperature will be the fall of temperature per kilo- 
metre of height A lapse-Une will be a line representing 
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the change of temperature with height The word is 
the word labile which means liable to 
hr^’m technically to the peculiar state of equih- 

isentropiG, or thoroughly churned atmos- 

nJr uSabfe The equilibrium IS neither stable 

nor unstable, that is to say, if it is disturbed by slow 

wl process It will, when left to itself, neither go 

original state nor go forward, but remain 
indifiterent, in its displaced condition 

Circumstances the an will have the greatest 
possible lapse-rate of tempeiature short of instability 

temperatuie may change its sign and 
indicate an inci ease of temperature with height^ This 
always happens in and above a layer of fog, 

of cloud 

fthirp wns n showiiig the change of temper- 

fnward Jnin have a slope to higher temperature 

frC, th. T t^o^o^ore easily distinguished 

We refer to lower temperature upward, 

tlm « * ^ instead of using tho 

irP^nt ’"f temperature-gradient” which is used at 
“ shortened to “ inversion ” Generally 
speaking, the recovery is only temporary in the lournev 
upward and is followed by a relapse^mth peSZ a 

which leachJdat 

of tempeiature with height ceases That 

spnere We may call that point on the lapse-line the 
lapse-hmit or TROPOPAT3SE ^ 

thJcondrhon°o/iP®®'^“®'® ^ '^o'-y important index of 

miLrrhv^,r ^ often been deter- 

miued by the results obtained with a ballon-sonde The 

ormal average shape has a lapse rather less than that of 
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the isentropic atmosphere of saturated air, or almost one 
half of the “ adiabatic gradient ” tor diy air 

The investigation of the air near the sea surface during 
fog oti the Banks, carried out on the “ Scotia,” has shown 
that the effect of the mixing ot the air of the surface over 
the cold water is to replace the normal lapse-line at the 
lower end by a line which shovs a gradual recovery of 
temperature from the cold surface to the undisturbed 
condition at a kilometre more or less in height, in the 
lower, 01 colder, part the water- vapour is condensed in fog. 

It would appear that in a region where convection is 
going on over an extended area there must be an isen- 
tiopic lapse-rate, that the process of the giadual ascent of 
waimed air is a giadual formation of a thicker isentropic 
layer An isentropic lapse-rate seems also to be indicated 
when irixing takes place in the surface layers owing to 
turbulence over water which is not less wdTm than the 
air in contact with it 

Lenticular — In shape like a lens or lentil The 
word IS used to identify a cloud ot characteristic shape 
formed by a large mass ot clustered cloudlets which is 
apparently disposed horizontally, has well-defined edges, 
a pointed end and broad middle or base Sometimes the 
cloud becomes thin in the broad part and gives one the 
impression of a horizontal bow or horse-shoe of cloud, 
foreshortened by being seen from a distant point under- 
neath it 

Level. — A surface is level if it is everywhere at right- 
angles to the force of gravity which is indicated by the 
plumb-lme When a table is not level the force of gravity 
makes things roll towards the lower edge, out when we 
are considering areas so large that the curvature of the 
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earth has to be allowed for, the words higher or low^r 
“ level” 

parison ot letet accurate com- 

parison or levels^ in different regions of the earfh a 

problem of the gi eatest refinement and delicacy Part of 

he problem is to determine whethei the level oi the sea 

by moan. o. a sp„w.‘4rbrt "1°^“^' b.™I 

spsssSsi 

whmh iTn ft beTow''*®'' 111 Dublin Bay, 

house Vh / ,1 f ^ ^ of Poolbeg light- 

wZ%rd?nLj^pTnrtir^^^^^ ‘ 

reSed to'rrin?/ are usually 

OrSance Da^r^ Water (T H W.) 12 47 ft above 

bet;^fen^?wo^ci;J^s%?fetwLn 1 electricity 

whmfS^ath ofS 

a d.sobaose o, wb.riti";Er,^":?rb"2 
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Since the introduction of photography many photo- 
graphs of lightning have been obtained, and in general 
character they cannot be distinguished from pliotogiaphs 
of electric discharges of six inches or moje in length 
which are obtained m a laboratory, but the vai leties of form 
of lightning discharges are very numerous Frequently 
a flash shows many blanches, especially the uppei part 
of a flash between the clouds and the eaith Among a 
collection of photographs thrown upon a lantern screen, 
Dr W J S Lockyeronce interpolated a photogiaphol the 
River Amazon and its tributaries, taken from a map, and 
the photograph was accepted without comment as a picture 
of lightning 

No satisfactory evidence has yet been produced as to 
what limits or defines the portion of the atmosphere which 
is freed from electric stress by a discharge of lightning, 
nor how the path of the discharge is selected 

Lightning-conductors, which are metal rods leading 
from the salient points of buildings to conductors buried 
in moist earth, have been used since the time of Jlenjarmn 
Fianklm to protect buildings fioin dauiage by lightning 
A good deal of attention was devoted to the method of 
operation of lightning-conductors, especially by Sir Oliver 
Lodge, whose lectures before the Society of Arts are the 
best source of information on the subject 

The chief use of conductors is supposed to be the lelief 
of stress in the immediate neighbourhood of a building 
by the so-called silent or biush-dischaiges from its exposed 
points These brush-discharges are often visible in snow 
storms as discharges from the yards and points of ships 
01 from an ice-axe and other projecting points in high 
mountains The phenomenon is known as Corposants, or 
St Elmo’s fire For Protection against Lightning 
see p 325 
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Line-Squall —A squall of wind, accompanied by ram 

the^nismff ^ of temperature and 

^ along line or aich of dark cloud The 
w.a!? events as represented on recording meteoro- 
logical mstruraenis is one of the most clearly defined and 

weather There is a 
2 mb riert? the barometei by about 

i f ^ ^ of "^^od thiough about 

Hi°n^ ®f temperature as much as 

fimL Af ’ I*® of wind, some- 

times of great violence, lasting for a few minutes 

The sequence of phenomena is represented by the 

ServatorTw^b^ii,^' ^ ^ ®f Aberdeen 

Observatoi^y, wuh the accompanying records, which are 

^ sketches of the line of 

dark cloud are made at intervals of 3 minutes, and the 
set represent 6 minutes in the life-history of the cloud 

].ne^friTi,°VJi® marked locally by the 

line or met of the cloud, often extends across the countiy 

from? represents the suddenlraZ? o J 

from a southerly wind to a westerly wind, or from a 
southerly tjpe of weather to a westerly type The cloud 

current' aM ^ cold westerly 

current and the warmer southerly current - the Ronall ih 

therefore probably katabatic in its^ origin, and its Seice 

on the actual passing of the cloud accounted fox in that 

way , It represents the dash forward of a breaking wave 

or more strictly speaking, of the water of a broken^wave ’ 

studied in the Meteorological 
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Line Squall Figure 1 
Line squtklu at ABERDEEN OCT 14 1012 

SKETCbES BY CL7KRKE 
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Line squalls frequently occur at tlie time of the passage 
of the TROLGH ot a deep depression when the transition 
trom southerly wind to westeily wind takes place 
suddenly They also occur as a prelimmaiy to a thunder- 
storm, and in such cases the wind of the squall is 
sometimes very destructive They form the most serious 
danger to aim at t , at the same time, their characteristics 
lend themselves to forecasting with unusual precision 
provided their existence is once identihed, because the 
line travels across the countiy with a very definite 
velocity 

Special arrangements are therefore made to obtain 
notifications of the passage of a line squall over the 
stations at the outside edge of our area 

Liquid — The name given to a class ot fluids The 
peculiar property of a liquid is that a limited quantity 
poured into a sufficiently large vessel torms a definite and 
peimanent layei with a free surface Gases can also be 
pouied fiom one vessel to another, but unlike liquids the 
boundary between the heavy gas at the bottom and the 
lighter gas above it is obliteiated lu time and a complete 
mixture of gases results , with a liquid the well defined 
surface oi se|.aration remains Liquids are of all degrees 
oi mobility trom ]pitch which moves only inches in a 
month, thiough the stages of treacle, and glycerine, which 
visibly move, but take time, to water or ethei which move 
at once on tilting and can be “ shaken up ” 

Low, used to denote a region ot low pressure, in the 
same way as HIGH is used £oi the region of high 
pressure a depression See also ISOBARS 

Lunar dependent upon hma^ the moon , thus a 
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Innai rainbow is a rainbow formed by the rays of the 
moon, a lunar cycle a cycle dependent upon the moon’s 
motion A month is really, from its name, a lunar cycle, 
but the intioduction of a calendar month makes it 
necessary to draw a distinction between it and the lunar 
month, which is the period from new moon to new moon 
+ IS called the synodic month, and is equal 

to 29 o306 days The endeavour to bring the month or 
the revolution of the moon round the eaich into relation 
with the year or the revolution of the earth round the 
given use to the differences of calendar which 
have been or are in use 


Mackerel Sky A sky coveied with cirio-cumulus 
clouds arranged in a somewhat legnlar pattern, and show- 

CLOTJDS orRRo-oaMunus and 


Needle —A ship of steel peimanently 

Tn ! ioz balancing 

on a point, like the needle of a compass See COMPASS ^ 


Mammato - cumulus — When low clouds hfiv<= 

und^r^furfaer^ piotuherances, fiom then 

the^ mammato-cumulus is applied to 

them They are appropriate to the disturbed atmo^spheric 
An accompany the close of a thunderstorm 

Am example 18 given in the accompanvine illustration 
obtained by Captain Cave at Ditcham PaL ^ Thev S not 
oconb often in England and never pLfst for lonf Then 
relation to cumulus clouds in thi ordinary sense is n^t 
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Mammato Cumulus (Festoon Cloud) aftei tliundei storm 
111 August, 1915 

This photogiaph is leproduced in illustiation ot the coiiiiiiotKin 
which occurs in the atmospheie in the various stages ot a thundeistoi ni 
It may be taken as the sequel to the illustiation ot the Cumiilo-Nimbns 
cloud '-hown in figuie 1 reproduced undei cloud The cumulo-nimbn'> 
IS a thundercloud appioachmg, the mammato cumulus a thnndersfonn 
receding 
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lunai rainbow is a rainbow formed by the rays of the 
moon, a lunar cycle a cycle dependent upon the moon’s 
motion A month is really, from its name, a lunar cycle, 
but the inti eduction of a calendar month makes it 
necessary to draw a distinction between it and the lunar 
month, which is the period from new moon to new moon 
In astronomy it is called the synodic month, and is equal 
to 29 5306 days The endeavour to bring the month or 
the revolution of the moon round the eaich into relation 
with the year or the revolution of the earth round the 
sun, has given use to the differences of calendar which 
have been or are in use 


Mackerel Sky — A sky coveied with cino-cumulus 
clouds arranged in a somewhat regular pattern, and show- 
ing blue sky in the gaps See CiRRO-caMtJLTJB and 
CLOUDS 


Magnetic Needle— A ship of steel peimanently 
magnetised and piovided with an agate cup loi balancing 
on a point, like the needle of a compass See COMPASS 

Mammato - cumulus — When low clouds have 
rounded projections, or pap-like protuberances, fiom their 
under surface the term mammato-cumulus is applied to 
them They are appropriate to the disturbed atmospheric 
conditions which accompany the close of a thundersiorm 
An example IS given in the accompanying illustration, 
obtained by Captain Cave at Ditcham Park They do not 
occur often m England and never persist for long Their 
relation to cumulus clouds in the ordinary sense is not 
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appaient Both are bulging clouds, but in these the 
bulging IS downward, while in ordinary cumulus it is 
upwaid 

Mares’ tails — A popular term used to desciibe ciirus 
cloud, in which the thread-like filaments aie arranged m 
the form of fans or plumes See CIRRUS 

Maximum — The highest reading of an instiument 
during a given period The context geneially shows the 
period to which reference is made An instrument, like 
a maximum thermometer, is often designed for the 
purpose of giving the highest reading that has occmred 
since it was last read ihe teim “absolute maximum ” is 
also used, the meaning of which is generally clear from 
the context, but see ABSOLUTE EXTREMES 

Mean — The mean value of a set of values is the 
number formed by adding all the individual values 
together and dividing the sum by the number of values 
In some cases there is an ambiguity unless the context 
makes it clear how the values are classified Eoi example, 
the mean temperature of the atmosphere lying over a 
certain place might indicate the arithmetical mean of the 
temperatures taken at equal intervals or height, or at 
equal intervals of pressure, going upwaids See also 
AVERAGE 

MeniSCns.—rThe cm ved upper surface of liquid in a 
tube It the tube is of narrow bore the curvature is 
pronounced, and in estimating the height of the liquid 
column, allowance must be made for it In the case of 
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water, the meniscus, when viewed horizontdlly agamst 
the light, appears as a daik belt The upper edge 
represents the highest point to which tne water is drawn 
up against the glass, and the lowei edite the lower part 
of the suiface out in the middle of the tube When the 
tube IS broad like the measuring glass ol a ramgauge, the 
bottom edge should be used m leading, but in nairow 
tubes the mid point would be moie suibible Mercury 
has a convex uppei surface and in the case of the baro- 
meter the index is adjusted to the top ot the meniscus 

Mercury — Mercmy is a metallic element of gieat 
value in the construction ot meteorological instruments 
In the mercurial barometer its gieat density enables the 
length of the instrument to he made modeiate, while the 
low pressure of its vapour at oidmary tempeiatuies makes 
possible a nearly perfect vacuum in the sjiace above the 
top of the haiometric column In the mercmy thermo- 
meter there is no risk of condensation m the upper end 
of the stem, as in the case of the spiiit thermometer 

Specific giavity = 13 5955 at 273a 
Specific heat = 0 0335 at 273a 
Freezing point = 234 2a 

Meteor — A meteor, or shooting stai, is a fiagment of 
solid material entering the upper regions ot the atmo- 
sphere from outer space and visible by its own luminosity 
The luminosity is attributed to incandescence due to the 
compression of the air m front of the meteor (See 
‘Adiabatic ) A large meteor may leave a luminous trail 
that persists for half-an-hour or longer 


Meteor, 


193 


A ccni ate determine* mns of the track of the meteor by 
reference to the constellations and of the different posi- 
tions of the trail, by observers in different parts of the 
country, may enable the heie^ht of the stieak and the 
velocity of the lotty air currents containing it to be 
cl etei mined From the results it has been conjectured 
that the height to which the atmosphere extends with 
sufficient density to retaid the speed of meteors is 
300 k (188 miles) 

Meteorograph — A self-recoidmg instrument which 
gives an automatic record of two oi moie of the ordinary 
meteorologicahelements Of late the term has been more 
generally applied to the instiuments that are attached to 
kites or small balloons and sent up to ascertain the pres- 
sure, temperatnie and humiditv of the upper atmosphere 

Meteorology —The science of the atmosphere The 
word “meteor” from which the name is derived has now 
acquiied a lestiicted meaning It can be, and sometimes 
is, used foi any atmospheric phenomenon 

Metre — The unit of length 3n the metric system 
1 metre = 39 37 inches == 3 281 feet 

Microbarograph — An instrument designed for 
recording small and rapid variations of atmospheric 
pressuie It consists of an airtight leservoir of ample 
size containing air, and the diffeience of the external 
atmospheric pressure and the internal piessuie m the 
reservoir is made to leave a record on a drum dii'veii 
by clockwork The reseivoir is well protected from 
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changes of temperature by a thick covering of felt oi 
other non conducting material, and it is also provided 
with a small leak, the magnitude of which can be ad 
3usted If tlie external pressure changes slowly the leak 
allows the internal pressure to follow it closely, but as the 
leak IS small, the internal piessure cannot adjust itself 
rapidly to any sudden changes in the external pressure, 
and consequently a record of such changes is obtained 


Millibar —The thousandth part of a BAR, which is 
^e^ meteorological unit of atmospheric pressure on the 

0 (j S system Since the “ bar ” is equal to a pressure of 
one megadyne per square centimetre, 'le, to 1,000,000 

1 square centimetie, a millibar is equivalent to 
1,UU0 dynes per square centimetre The millibar has 
^en in general use in^ the Meteorological Office since 
May 1st, 1914 The principal advantage of using a unit 
of this type is that a statement of atmospheric pressure as 
a certain number of millibars is perfectly definite Accord- 
ing to the older practice that a separate unit had to be used 
tor lengLh in reading the height of the mercury in the 
barometer, generally the inch or the millimetie, but this 


forJ^ th^t a me^adyne is a measure ol 

stands for the forpe the 0 G S system of units, and 

As the force of acceleration in one gramme 

mav^^v tha Le familiarly known of all lorces, we 

^^®/vne differs but >ittle horn the weight 
we irht^a ^ke same relation to the 

Toon Llhrv numerical relation is dependent 

ffr.mty eserS on ^ ^ke force which 

larthWn^^^^^^^ and the distance from the 

^ sea-level, in latitude 45° the gramme weuhs 
yiO 6 dynes, the kilogramme 0 9806 megadynes ^ 
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length is not a measure of the atmospheric piessure until 
the density of the mercury, the temperature of the scale 
and the value of gravity at the place are allowed for 
The “ millibar ” on the other hand can only be used for 
p7essure If a barometer graduated in the C G S system 
IS set up at any place, there is a definite temperatuie called 
the fiducial temperature at which the scale leading of the 
meicury column gives the pressure of the air in millibars , 
a correction must be applied to the reading when the 
tempeiature of the instrument is not the fiducial tempera- 
ture (See Ohservey's Handbook ) 

1,000 millibars are equivalent to the pressuie of a 
column oi mercury 750 1 millimetres (29 531 inches) 
high at 0° 0 (273a ) in latitude 45^^ 

Millimetre. — The thousandth part of a metre. 
25 4 mm = 1 inch 

Minimum — The opposite of maximum See MAXI- 
MUM 

Mirage —The image of an object which is seen dis- 
placed, upwards or downwards, usually vertically, by the 
REFBACTION of the rays of light in their passage through 
layers of air of difterent densities near the ground 
Where the density of the layers of air decreases, from the 
ground upwards, more rapidly than the normal rate, as it 
does when the ground is covered with a la^ er of very 
cold air, the raj s of light are bent towards the earth and 
the image is therelore seen raised above the object, which 
may even be below’^ the hoiizon at the time. 
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If the density increases rapidly upwards at the ground, 
as It does over highly heated deserts, the rays are bent 
upwards and the image is formed below the object 
n its commonest foim Mirage has the appearance of a 
sneet ox water, often surrounded by banks, reeds and 
otnei objects In this case what appears to be a sheet 
0 water IS the image of the sky behind the object at 
wmck the observer is looking, the rays of light being 
otally renected from the layer of heated air which is 
m contact with the ground The banks, reeds, &c , are 
^ne images of vaiious objects, repeated with more or less 
aistortion by being viewed through layers of air of 
diirerent and varying density, so that a dark stone 
appears as though it were an upright stake, or plant, and 
-L j ^ situated at a short distance away may appear 
as detached masses floating on this lake-like surface, their 
lower portions being invisible under the conditions pre- 
vai ing In the same way dark stones or gravel capping 
a gentle roll of the ground in the desert may present the 
appearance of a distant vertical cliff of considerable 
eignt Mirages may often be seen over smooth load 
suiraces on cMm hot days in England, especially over 
rred roads They simulate pools of water on the road- 
way in which surrounding objects are reflected 


Mist —Cloud at the level of the ground, consisting of 
minute drops of watei suspended in the air Mist occurs 
most frequently m the British Isles in the autumn or 
winter, especially in still weathei A calm autumn or 
winter night that commences by being clear will usually 
ecome misty towards morning if the air is damp, because 
tne nocturnal cooling lowers the temperature of the an 
oeiow Its dew point At such times hill tops ma> have 
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clear weather, while valleys only a tew hundred feet 
below are covered with a dense blanket of mist In wet 
weather, on the other hand, the clouds may be so low as to 
cover the hills and pioduce mist on them while the plains 
below experience clear weathei (Scotch mist — see 
P 3^^^) 

Mistral — A stioiig diy, cold wind that is expei;ienced 
on the Mediteiranean coast of France It blows fiom the 
north-west 

Mock Sun — An image of the sun, sometimes very 
biilliant, that occuis most frequently at a distance from 
the sun equal to the ladjus of the ordinary HALO, % e , 22° 

Mock Sun Ring* — A colourless halo passing through 
the sun parallel to the horizon, hence it is also called the 
Horizontal Circle On it aie situated most of the MOCK 
SUNS 

Monsoon — The teim'* is applied to ceitam winds 
which blow with great persistence and regularity in 
opposite diiections at difierent seasons of the year The 
monsoon winds aie confined to tiopical legions, and are 
most niaiked on the shoies of India and China, where 
there is a south-west monsoon in the summei months 
and a north-east monsoon in the wmtei months The 
term is also ai)plied to the lainj season of India which 
hets in with, and is governed by the monsoon Avind that 
blows tiom the south-west oi west in the summei on the 
south and west coasts of India 

Moon — The only satellite revolving round the eaitli 
The possibility of its influencing the weathei has ott^ 

* Bee reproduction of a photograph of Valley fog tindei CriOiTOS 
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been advanced, but never demonstiated by means o3 
statistical evidence to the satisfaction of meteorologists 
The brilliance of the moon is due solely to the sunligh 
falling upon it Telescopes show a rugged and clear cu 
landscape very different from what would be visible i 
the surface were hot enough to ladiate a consideiabh 
quantity of heat across a quaiter of a million miles to th( 
earth • One of the many fallacies connected with the 
moon IS that its rays are injurious to plants, but no doub 
this arose simply because nights of giound host, harmfu 
to vegetatron, aie almost always clear , and so it happens 
that with the moon suitably placed, the damage is done 
on the occasions when it is visible and not when it u 
hidden by cloud An explanation of the moon’s apparen 
influence in scatteiing clouds is given m the Quarter 1% 
Journal of the Royal Meteorological Society^ vol 2b 
under the title of ‘‘ La lune mange les nuages,” and ir 
Shaw’s Forecasting Weather^ p 175 Foi a note on the 
supposed connexion of the weathei with the moon, S(m 
Phases of the Moon 

Nadir. See Zenith 

Nephoscopo. — An instrument foi measuiing th( 
motion of clouds A desclription of the different tormi 
and methods in use is given in the Observed s Handbook 
A Camera UbsciDa is a veiy useful Joim of nephoscope 

Nimbus — Ragged clouds of indefinite shape Iron 
which rain oi snow is falling See CLOUD 

Normal.— 'The name given to the averages oi an^ 
meteoiological element such as pressure, mean tempera 
ture, maximum temperaiure, minimum tompeiatuie 
duration of sunshine, velocity of wind, taken foi . 
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sufficient nuinbei* of cases to form a satisfactory basis of 
reference, and thus obtain tbe difference from normal 
which 18 the excess or detect of a particular example 
above or below the normal 

Thirty-five years form a very good peiiod for satis- 
factorj' normals, but shorter periods have to be used if the 
figures for 35 years are not available 

The toi matron of a set of noimals foi all the stations in 
its region is the fiist dut} of a National Meteorological 
Institute in respect ot climate, and in this respect the 
Russian, and Indian Governments have set a laudable 
example in tlie Climatological Atlases which they pub- 
lished almost simultaneously In this* country we 
have published successive editions of normfils of instru- 
mental observations for 30 Telegiaphic Reporting Stations 
and for about 150 Climatological Stations (Temperature 
and Rainfall), many o£ which date back for 40 years, and 
about 80 Sunshine Stations with records for 30 years 
Monthly maps showing those climatological normals have 
also been published as an appendix to the Weekly Weather 
Report, MO 214a, Appendix 4 A selection of these 
maps is given in The Wenthei Map. 

The non-mstrumental observations, as wind, fog, snow, 
&c , can also be ustifully summaiised in the form of 
PBEQUBNOY normals but this is less often done 

Observatories with self-iecording mstiuments furnish 
material for an elaborate senes of normals which are 
most effectively represented by isopleths, of which a 
number aie given in The Weather Map, pp 72 to 87 

As an example of normals expressed in figures, we give 
the hourly normals for wind velocity at Kew Observatory, 
and the monthly normals for a number of stations in 
England and France 
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Table of Normal Hourly Velocities of the Wind in 

month at Kew Observatory 


Hour 




JBefoi e 

noon 





12 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 





Metres per second 






Jan 

3 3 

33 

33 

3 3 

34 

34 

3 3 

34 

35 

38 

*42 

43 

Feb 

3 3 

3 3 

3 3 

33 

3 3 

33 

33 

34 

38 

4 I 

47 

49 

March 

3 I 

3 I 

30 

3 I 

3 I 

3 I 

3 3 

36 

43 

47 

5 I 

5 2 

April 

2 7 

27 

26 

25 

2 6 

28 

3 3 

3 ^ 

4^ 

47 

50 

5 2 

May 

2 3 

23 

2 2 

2 2 

2 2 

2 6 

3 2 

36 

40 

‘I 3 

'47 

47 

June 

2 I 

2 0 I 

2 0 

19 

2 I 

35 

3 0 

3 3 

1 

36 

3 8 

42 

42 

July 

I 9 

I 8 

I 8 

I 8 

I 8 

2 2 

2 6 

30 

34 

i 

37 1 

'39 

40 

August 

2 0 

19 

19 

19 

I 9 

2 I 

25 

3 I 

3 5 

38 

41 

4 2 

Sept 

I 8 

I 8 

19 

19 

I 8 

19 

1 

2 I 

26 

3 I 

3 5 

3 9 

3 9 

Oct 

24 

24 

2 4 

24 

34 

1 

25 j 

2-^6 

27 

3 2 1 

3 6 

43 

43 

Nov 

30 

30 

30 

30 j 3 0 

29 

29 

30 

33 i 

3 4 

40 

42 

Deo 

3 4 

34 

3 3 

34 i34 

1 

34,34 

1 

3 D 

3 6 

3 7 

41 

43 


This liable was prepared to furnisli a reply^ to a question as to tbe 
^ time of year for learning to fly on a maobine of small power 
me reply given ny tbe figures is that, on the aieraqe, the wind is 
strong^t from 11 a m to 4 p m m March and April, lightest from 
midnight to dawn in June, July, August and Sej tember September, 
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meties per second ior each hour of the day, toi each 
(averages foi 30 years 1881-1910) 


After noon 

24 

Day 


13 

14 

15 

16 

■'! 

18 

19 

20 

21 

22 

23 




Meties per second 







43 

43 

4 I 

38 

38 

37 

37 

37 

36 

34 

34 

34 

37 

Jaii 

5 0 

49 

47 

44 

40 

38 

38 

36 

36 

34 

34 

3 3 

38 

J'^eb 

5 2 

5 2 

5 I 

49 

45 

39 

37 

35 

3 5 

3 3 

3 2 

3 I 

39 

Maich 

52 

5 2 

5 2 

51 

48 

43 

38 

34 

33 

30 

29 

2 7 

38 

Apiil 

48 

47 

47 

47 

45 

41 

36 

3 I 

29 

2 6 

25 

24 

3 5 

Ma> 

42 

43 

43 

i 43 

42 

39 

34 

29 

27 

2 5 

23 

2 I 

3 I 

June 

41 

42 

41 

l 4 i 

3 9 

36 

1 ^ ^ 

27 

24 

2 2 

2 r 

2 0 

29 

July 

rs 

43 

43 

42 

40 

36 

1 30 

2 6 

25 

2 3 

2 2 

2 I 

30 

August 

40 

4 I 

39 

37 

34 

2 8 

2 5 

24 

23 

2 2 

2 0 

I 9 

27 

Sept 

43 

42 

39 

3 5 

3 I 

% 

29 

1^7 

26 

26 

2 6 

25 

24 

30 

Oct 

4 3 

42 

3 9 

0 5 

34 

3 3 

133 

32 

32 

3 I 

30 

30 

3 3 

Nov 

4 3 

42 

39 

|37 

36 

3 6 

36 

35 

36 

3 5 

34 

3 5 

36 

1 Dec 


on The whole, m the best month, July the next best March the woist 
But in view of the seasonal frequency of strong winds shown in the 
diagrams on pp 281 to 285, the answei does not seem complete Foi 
such questions Fbeqxjbnoies give bettor answers than Normals A 
Bimilai table giving the values for the top of the Eilfel Tower, Pans 
(*i00 metros high), will be found on p 287 



t Table of Wind velocity in metres per sec foi each month of the year 
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Observer, m meteoiology, is a, person who undertakes, 
n co-operation with others at a reseau of stations, to make 
egular simultaneous records of the weather upon an 
►rgamsed plan Good observing requires punctuality and 
accuracy, and therefore skill, in reading and setting in- 
itiuments, and intelligence in noting occurrences which 
ire worth recording, though they are not in the prescribed 
outine The best observer is one who is personally 
nterested in scientific work on a co-opeiative basis The 
vork of the observeis foi the Weather Map is partly 
epiesentecl by the four maps ot the gale ot December 
i7-28, 1915, which iace Weathei Map, p 88, and which 
show also the work ot the compiler and map-maker at 
.he Central Office The woik of the telegraphist is also 
lecessary, but if that is perfect it makes no show at all 
)n the maps If it is not perfect the map at once bears 
ividence of the impeifection 

Ombrometer — Another name for BAINOAUGB 

Orientation from Onens (Lat ), the rising of the sun— 
Me East The direction ot an object referred to the points 
the compass The meaning is much the same as the 
meaning ot ^ except that the azimuth is more 

particnlaily referred to the meridian line 

The exact orientation of a position is generally best 
made out by the aid of an ordnance-map, identifying the 
position and the bearings of some ppmment landmarks 
NTisible from it Churches in England are usually oriented 
East and West, but the orientation is not always veiy exact 

OrograpMo Rain is pioduced by the forced ascend- 
ing currents due to mountains A horizontal air current 
striking a mountain slope is deflected upwards, and the 
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COB sequent dynamical cooling pioduces ram if the an 
contains mucli aqueous vapoiii The dynanaics ot the 
process is not altogether tree fi om difficulty, as the lilting 
of the air leqmres a certain amount of energy If the 
mountains extended to the boundary of the troposphere the 
air would presumably go lound, and not over tbe moun- 
tain On the analogy oi flowing water we might expect 
the air to go round any mountainous obstacle instead of 
ovei it It does sometimes, but not always 
Ozone IS an allotiopic form of oxygen for which the 
chemical symbol is 0, It is producecl by passing elec- 
trical spaiks through oxygen, or by the action of cathode 
or ultra-violet lays Theie is generally at least a t 3 ac(‘ of 
It in pure atmospheric air The quantity is usually esti- 
mated b^ the depth of the coloui of so-called ozone papeis 
exposed for a given time Some observeis have desciibed 
a powerful influence exerted by ozone m increasing tbe 
transfei of electricity between the atmosphere and the 
ground 

Pampero — A name given in the Argentine and 
Uruguay to a severe storm of wind, with rain, thundei and 
lightning It IS a line squall, with the typical arched 
cloud along its fiont It heralds a cool KSouth -Westerly 
wmd in the rear of a depression , there is a gieaf drop 
of temperature as the storm passes 

Paranthelion — A mock sun (see halo) appearing 
on the MOCK SUN RING at about 60° from the ANTHBLION 
ParaSGlonao — Mock moons, % e , images of the moon, 
certain points on the ordinary halo 
parhelia or mock suns they are 
pr^ably formed by the reflection of light from the 
surfaces of the snow-crystals in cirro-nebula. 
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Parhelia or mock suns Images of the sun occurring 
m connexion with solar halos See MOCK SUN 

Pentad a period of five days Five-day means are 
used m meteorological work, as five days form an exact 
sub-division of the ordinary year, an advantage not 

possessed by the week 

Periodical — Recumng at regular intervals. Periodi- 
cal vaiiations of meteorological elements generally have a 
period of one day, ox one year, corresponding with the 
rotation of the Earth and its annual progress round the 
sun Many attempts have been made to identify the 
variations of rainfall and other meteorological elements 
with a period of years Thus the period of the frequency 
of sunspots, about 11 years, has been regaided with some 
favour, as a meteorological period A period of 19 years 
has been suggested with regard to the climatic elements 
of Australia and the wandeiing of the anticyclones of the 
southern tiopical belt Thirty-five years make up the 
period which seems to fit in best with the variations of 
climate suggested by Bruckner in his examination of the 
records of rainfall, lake levels, floods, droughts, and other 
experiences going back in time as far as possible 
A period of three or four years is indicated for a recog- 
nisable oscillation in barometric pressure 

The fluctuations of the yield of the wheat harvest 
between 1885 and 1905 were shown in the Meteorological 
Office to be lepiesented with curious fidelity by a combi- 
nation of oscillations with a common point of mean value, 
so that the ciops appeared to repeat themselves numeri- 
cally after 11 years 

Professor Turner has suggested that these periods may 
possibly be tractional periods of the period of revolution 
of the swarm of leomd meteors, which is about 33^ years 
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sufficient material foi a 
proper critical examination ot these xarious su^cestions 

witlf senarate^T*!*^^^*^^^ question cannot Ibe dealt 

Xe nr, m«vt* ^ ^or a Small part ot ihe earth’s surface when 
the primary causes are external to the earth’s atmosphere 

in f determining Te Sr^e 

in the atmosphere as a whole, and then peihans some 

foCiS”? ''“I" «»y »• to«S to 

£ Tnd,cato?r^/ti®® Of tbe circulation and thus act as 
an indicator of the atmospheiic changes. If so the 

SraphL^d St^'otf for periodic changes will he so much 

Cmal inquiry '^oteoro- 

^ Abercromby, the 
SSed Zod conditions or what may be 

bnhn^^f^^ ^ weather For several months the distri- 
bution of pressure may be of the same general type with 
temporary interruptions. In N W Europe cydlnes 

ahernating^ with re’l^ pass eastwards, 

with a nemstoTit ;>r^^ fugli pressuie in connexion 
^onl Jwv. -^iiticyelone to the south If the path 

samf the alternntf^^^^-p^ travel remains the 

pemik? If on iw" anticyclonic weather 

depre^Lnl Tav^hA f intensity, the path of 

LSv wLTer h!.? ® southward of our islands, and 

ea^erjy weatlier becomes persistent 

per,fstLt fOT TeJaslm ® weather which is sometimes 
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looking over the published results for 
of the Meteorological Office for the year 1912 we ha 
longest sequences of hours with ram are as o 

Longest Periods of consecutive hours of rainiali J j 



Valencia 

Kew 

Eskdalemuir 


Number ot 
Irours 

Number of 
hours 

Number o£ 
hours 

Jamiaiy 

February 

22 

19 

9 

6 

34 

II 

i6 

6 

March 

15 

5 

April 

i6 

3 

May 

13 

6 

9 

June 

19 

9 

1 1 

July 

12 

7 

10 

August 

14 

9 

13 

September 

28 

15 

^9 

October 

9 

8 

29 

November 

8 

5 

II 

December 

14 

6 

ig 


At Kew Observatory in the past ten years ram extending 
over 25 consecutne houis was recorded three times, 
viz , 1906, November 7th-8th , 1914, March 8th-9th, and 
1915, May 13th-14th 

The table does not fully represent all that the inspec- 
tion of the published figures suggests, for example, in 
August, at Valencia, only one fin© hour intervened 
between two spells of eleven and twelve hours respec- 
tively, and at Valencia, too, though April had a longer 
spell of rain than March, there weie 228 ram-hours m 
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March as compared with April’s 47 At Eskdalemuir, a 
moorland station in Dnmtriesshire, in the last three da^s 
of March only 28 hours out of the 72 were free fiom rain 
A^elve-hour rain is exceptional at an inland station 
like Kew, on the eastern side of Britain, but it does occui 
sometimes In June, 1903, theie was a run of thirty houis, 
separated by only one rainless hour from a preceding i un 
of twenty hours, and that again by two rainless houis 
trom another run of seven hours, so that there was nearly 
continuous ram for sixty hours at a stretch In the same 
month Valencia had no spell of more than eleven con- 
secutive hours of rainfad, though two sepaiate fair houis 
broke up a spell of twenty-five hours’ ram The peisist- 
ence of rain in particular localities on special occasions is 
a subject of great interest which is not at all understood 
In it lies the explanation of local floods which are some- 
times of the most extensive chaiacter, such as those of 
Last Anglia m August, 1912, and m Eastern Ireland m 
August, 1905 Snowstorms are often similarly localised 
in a similar’ way there is considerable difference in the 
succession of days of rain Sometimes it rams with very 
little meteorological provocation, and, on the otirer hand, 
conditions which are recognised as 
sometimes productive of very 
ittle The longest spell of consecutive days of ram at 
1871-1915 ™ OM ot 36 wlnoL 
September 16th to Octobet Slot 
^o spells in 1891 were nearly as long, viz., one of 

^ days from November 7th to December 10th See 
Duration of Rainfall p 303 

by^m^m appearances ot the moon 

y stom restricted to the particular phases of ne^v 
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moon^ when nothing is visible, first quarter^ when a 
semicircle is visible, with the bow on the West, full 
moon, when a full circle is visible, and last quarter, when 
a semicircle is visible with the bow on the East These 
changes of phase aie due to the fact that the moon in its 
monthly course lound the earth, is at one time between 
us and the sun, while at another time we are between it 
and the sun In the fiist case the half of the moon 
illuminated by the sun is turned direct!;^ away from us, 
and it IS the period of new moon, in the second it is 
directed towaids us, and the moon is full At first quartei 
half the side of the moon facing us is lit up, and the 
remaining pait will gradually become so , at last quarter 
the appearance is similar, but the bright portion is 
diminishing 

It IS a common practice of immemorial antiquity to 
associate changes m the weathei with the phases of the 
moon , but it must be remembered that, before the days of 
the cheap press and the daily newspapei, the phases otthe 
moon were the shephera’s calendar, and the only means 
of marking intervals of time greater than a day and less than 
a yeai Thei e are about twelve and a half lunar months 
in a yeai, and the adjustment of the time-keeping of the 
moon to the daily and annual periods of the earth is a 
scientific question of great complexity and long history 

For conditions of weather that aie of too long duiation 
to be associated with a day, and too short to fill a year, 
the phases of the moon afEoid the only natural method 
of time-keeping, so the primary classification of such 
events as spells of weather must necessarily count in 
phases, or weeks 

Although we have now progressed beyond that stage 
and can use decimals in our reckoning, we are not 
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ancestral habits If the sun tappehS 
as <• a ^n« f are accustomed to refer to the occuluence 
speak of a fini V, ^erild be regarded as pedantic to 
sSimL ^ r ^ minute, but the fine day is 

his meteorological authority asserts, fiom 

with tba weather changes set in 

Tav alln fi! I* that there 

enocb of o-^ association with a single 

Ers bnf really distributed over some 

matter^ * statistical inquiry has been made into the 

st'rdy of the sequence of seasonal 
LeXEs w"'® 1 Plxenomena are included, 

Ton w ’o5f flowering, ripening, migration, and 

to tb^ in practice the observations aie limited 
c^e intTL!? trees and flowering plants 

of^he £sf *® the dates 

^ A oif *1 ^ appearance of birds and insects 

wSw, balloon, the motion oi 
aloft Totr concerning the wind currents 

Sen diameter of about 18 inches 

preferable the ^ ^^ther larger size is 

£d tS^o?o J hydrogen and released, 

SLned tbe^^^^®f® measuied by means of a specially 
Snce^ amrt^^h theodolites are used at some 

plS^dErii^ ti o* the balloon can be com- 

Se mte of «e?ent Tf. theodolite may be used if 

to be uniform known, assuming this 

uniform Pilot balloons have shown that the wind, 
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at a height oi 1,500 teet, is usually in close agreement 
with the GRADIENT WIND An East wind is otten 
shallow, and there is a REVERSAL of wind direction 
on many occasions, the upper wind being Westerly , on 
some occasions, however, the East wind is maintained up 
to great heights, though it seldom increases in velocit3 
above 3,000 feet, at which height an East wind is usually 
at its maximum Winds fiom othei than Easterly direc- 
tions may increase up to 30,000 feet oi so, but still higher, 
when the stratosphere is reached, there is a decrease 
in velocity In the first 3,000 feet there is usually ^ 
VEERING of the wind with height, whatever the direc- 
tion of the wind Sometimes great changes in direction 
occur at vaiious heights , these are usually veerings 
When this is the case the velocity falls off near the level 
of the change, and when the direction is leversed there 
IS geneially a region of calm between the opposite 
rents During the approach of depressions from the 
West a Southeily surface- wind changes to a Westerly 
wind in the upper air In anticy clonic weather there is 
sometimes very bttle wind up to the greatest heights 
reached, and what little there is varies m direction from 
one level to another Ordinary pilot balloons are some- 
times followed to heights of four or five miles , to reach 
gi eater heights laigei balloons must be used, such as those 
used for sending up recording instruments (BALLONS- 
SONDBS) 

Instructions for observations with pilot balloons and 
for calculating the results are given m the GomputePs 
Handbook 

Pluviograph.— A self-recording rain-gauge ; the rise 
of the water the gauge ip recorded by means of a pen 
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’’y which the 

feefton thewatei reaches 

ft certain neignt is often employed 

Pluviometer — A lam-gauge (^qv') 

with a festooned 

appearance on the under side See Mammato-Otjmtjltjr 

Bouth^nol7^T^^”“^/“ regions of the north and 

Boutn pole The meteorology of these leo'ions is of ^ 

above continuous presence of the sun 

?s rbsence ^ ^^ar, and 

diuind “‘‘kes the 

durmff rte extremely low temperatures 

Sd m the tim^^f followed by less severe 

SSeroWen when the thermo- 

meter oiten rises above the freezing point The snowfall 

of ar“C.T . tie ?;« 

years accumulated fall of many 

that is^verv slmbt 7+if ° evaporation and 

ery slight at the very low temneratnpp Anrrn «» 

sr£ Srif p«r.o,t"s 

remoL J’ «7f n occurrence In the south polat 

regions a spot has been found where the normal velocity 
of the wind IS beyond the limit of gale S nlles arl 
SJ-^whiS°S eqnatoiial region! by a great on cum- 

JoJ^aoSj lof pCraS”® ‘iT*’ ■>' 

marked L the SSf hemefher, “ “ 

afS'S “itforoTfCLS* ‘¥h?4t 

»l eome coomdemble a.etaaee from the g^$.c‘S'p„fe™ 
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Potential ciB applied to energy indicatoB the eneigy 
which IS due to the position of a body In considering 
the total amount ot energy available, in any case we must 
coiisidei not only the position but the quantity of work- 
ing substance that is collected there If we wish to 
considei the influence of the position alone we must 
limit oni ideas to a particulai amount of the working 
substance We naturally choose the unit measure as the 
amount for this purpose, and the potential energy ot unit 
quantity is called the potential at the point Thus, the 
electrical potential at any point in the atmosphere is the 
amount of energy which one unit of electricity possesses 
in virtue of its position at the point Similarly , the gravito- 
tional potential or geo-poteniial at any point above the 
earth’s surface is the xiotential energy of a unit quantity 
of material, a gramme or a pound, placed there 

Potential temperature — The temperature which 
a specimen of air would acquire if it were brought down 
from the position to mean sea-level under adiabatic 
conditions 

Precipitation —Bee p 329 

Pressure — Force per unit of area exerted against a 
surface by the liquid oi gas in contact with it The 
pressure of the atmosphere, which is measured by means 
of the barometer, is produced by the weight of the ovei- 
lymg air The pressure exerted by the wind is generally 
very small in comparison That due to a wind of Icrce 
G IS approximately one-thousandth part of the pi essure ot 
the atmosphere 

Prevailing winds — When a station experiences 
wind more often from a certain direction than t^m 
others, that wmd is teijned the prevailing wind The 
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V w trade wind, nrhich blows fiom the 

N E at many places between the equatoi and '10°lsr T af 

no?th or soSb S 5® l^^titudes 40' to 60“, 

common anH 1 ^ equatoi, westerly winds are very 
common and form circiimpolai wliiils These are heat 

Srone the hS^in ^ neighbouring portion ol 

™ste “ d„ta.“‘‘C .f irS ‘T'°^ ■“ "*? 

t;rf4rx 

S; 'f'F*?"" 

szIt 

must make 1 For ev« mni^ ^ happen , 

ability that to-morrow i^ff ^e finn^tn^d® '' 

of a nriTYihat. AT- to-day is wet Oat 

N of occasions of wet days we oou^t the 
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u umber n when the following day was fine, and the 
probability of a fine day to-morrow is u\]Sf It may be 
called the random probabiltty because the occasions are 
simply chosen at random without any guiding principle 
It IS, of course, necessary to deal with a large number of 
observations befoie a reliable value for the probability is 
obtained 

It will be noticed that in this sense piobability is 
directly determined by the frequency of occurrence, so 
that the facts represented in tables of frequency can be 
equally well lepresented by tables of probability 

When we have no guide as to the expectation of an 
event except the number of times that a similar event has 
occurred previously, and we express the probability as a 
traction 1/n with 1 as numerator, we may say that the 
random chance of the occurrence is one in n or that the 
odds against the occurrence are n-\ to one 

Prognostics —-Signs of coming weather Some of 
them are dealt with under Shepherd of Banbury and 
Weather Maxims There is a widespread belief that 
certain animals are in some way aware of the approach 
of wet weathei, and behave m some special manner in 
consequence, but this seems unlikely There is no reason 
for supposing that they can feel anything beyond the 
changes of temperature, moisture, wind, &c , in the air 
surrounding them, and changes in these are followed by 
a great variety of weather Perhaps the most valuable 
instrument for pi ognostication is the barometer Regions 
of high and low piessure have fairly definite weather 
associated with them, and mostly move across our islands 
from the west or south-west A southerly wind, there- 
fore, with a pronounced fall of the barometer, as an 
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example, is a fairly reliable indication of an advancina' 
depression, and therefore of ram A gradual dimming of 
the clear blue of the sky, and the formation of a thickening 
sheet of high cloud, which often forms halos round the 
sun and moon, shows that the stormy area is not far off. 
^y the application of Buys Ballot’s Law (qv') it can 
be seen that the wind will generally veer towards^west if 
u side of the 

nn IL "" drops at 

night on the ground, while continuing to blow a few 

Sheloief 7 1 that brisk motion 

midk of SeXy *ho 

*he iiame given to the dry and wet 
bulbs as forming an instrument for measuring coolwss 

SimltfX thl 1 ^ “ ordinary thermometer used foi 

estoatmg the dampness of the air, by observinff the 

In^drXam eXf o the two thermomiteis 

the ^et Xlb I ^iid cools 

fehe diY bulb ^ given tempeiatnre of 

... or'SoX“trax,T 

Ko?^^^^^^‘~^“®teadiness of the meicurv in Hi a 
barometer caused bv fluccuatinnc Tr m the 

produced bv a ^ *he air pressure 

ship ^ ^ ^ d«e to the oscillation of a 
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Purple Light — A parabolic glow of colour vaiymg 
Li om pink to violet appearing vertex upwards m the western 
sky at a considerable elevation above the point of sunset after 
the sun lias passed below the hoiizon It is a Di FFR ACTION 
glow similar to the white glow lound the sun during the 
day, which is caused by the in|;eiference of light scattered 
by particles of many sizes , as the sun sets, its light 
reaches only the more uniform particles of the uppei 
atmospheie, and the coloiation becomes purer, culminating 
in the coloration of the margin In very clear weather a 
second, fainter puiple light may follow the fiist (See 
also BLUE OF THE SKY and TWILIGHT) 

Pyrlielio motor — An instrument foi measuring the 
radiant heat received frqm the sun In the :^orm of 
instrument devised by Angstrom theie are two metel 
strips, one of which receives the solar heat, while the 
other IS warmed by means of an electric current 
The current required to give equal heating of the two 
strips depends upon the intensity of the sun’s rays, and 
when measured gives the amount of heat received 

Radiation —See p 330 

Ram IS produced by the condensation of the aqueous 
vapour in the atmosphere Each cubic foot, or cubic metre, 
of air IS capable of holding a certain definite amount of 
water in the form of vapour , the amount depends greatly 
upon the temperature, being large when the temperature 
is high, and small when it is low The water vapour is 
mixed with the an in varying proportions, and when the 
temperature of the mixture falls sufficiently a point is 
reached where the vapour is condensed into fine particles 
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of water, and a cloud is formed As the cooling continues 
more water is condensed to form larger drops which 
tall as rain The cooling which produces ram is probably 
aynamical See adiabatic and PERSISTENT BAIN also 
DURATION OP RAINFALL, p 303, and RAINDROPS, p 334. 

Rainband — a dark band in the solar spectrum on the 
red side of the Sodium D lines, due to absorption bv 
water vapour in the Earth’s atmosphere It may be best 
seen when the spectroscope is pointed at the sky rather 
than directly at the sun The band is stiengthened with 
increase of watei -vapour, and also when the altitude of 
the sun is low, and his light has to shine through a greater 
of rain^^^ doubtful value as a prognostic 

rainbow is seen when the sun shines 
spherical droj>s of water 
produced by a waterfall or by any otner means The 

observer, but the 
^ ^l^ays be exactly opposite the sun, and the 

When suSiwhf^ f ciicle for each colour is invariable 

and Mis upon a drop of water it is reflected 

and refracted m all directions, but there are certain 

much more intense than 
ieneml will ^‘ee therefore looking at the drops in 

j ® »“uch better than others 

and those drops which show up will he m that pai ticular 

hgto EuAhl nart ^^7 of 

iigni. Dut the particular direction is different for eaeL 

of Iff’ rainbow consists of a senes of nno's 

SES-SsSSSf-H? 
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being tke centre ot the circulai aich, but a horizontal lam- 
how can be seen when the sun’s rays irom behind the 
observer fall on drops of dew on the grass, or gossamer 
threads ot a meadow In that case the bow is not ciiculai* 


RaiU-day — A day on %/hich moi e than a certain 
specihed amount of rain has fallen It has been usual in 
the past to measure rainfall in hundredths of an inch, and 
OL inch has been the specified quantity, a day on which 
005 inch, or more, fell, counting as a rain-day 
Rainfall— watei which falls from the atmosphere 
The term is very commonly taken to include snow and 
hail Precipitation is the proper inclusive term 
The measurement of a definite amount of lain, 
fifteen millimeties, 15 mm , means that if all the water 
had remained wheie it fell and not soaked in or run ott, 
the depth ot water on the ground would be 15 mm 
An inch of ram is equivalent to 101 tons pei acie , a 
millimetre to a kilogramme per square metre, or one 
thousand metric tons per square kilometie 


Rain^aUffe — An instrument foi measuring the rain- 
fall All the rain which falls on a definite area, generally 
a circle of eithei five or eight inches in diameter, is 
collected into a glass vessel, which is graduated to give 
the amount of ram 


Rain-spell -Accordmg to the definition of the 
British Rainfall Organization, a rain-spell is a period ol 
more than fourteen consecutive days, every one of whicn 
IS a lam-day On a general average, one oi two such 
peiiods fall to the lot of most stations m the British Isles 
Within the yeai 

Rdaumnr — Hene Antome Ferchault de, d 1757, 
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olbsolete*^™On^itThp ^ temperature now almost 

geSSuy m^eanfftip^^'f meteorological observations, 

which place the rp=inlt«^°^ computed thereiiom and 
reduction to sea letef ^ comparable basis Thus 

means estimation accordmff tX f readings, 

which the urp'^dm p htp i/i^ ceitain lules of the value 

tha^ of theKp of 1? ^ than 

based dpou cempan^n^ri ;»So»rg“Sor''"“ 
p™8®mrS™ ifwS Level.-Both lempeiatnie and 

Sotted on XtB ^ 

level 1° P isarldpri -p^ temperature to sea 

thl station la tor ^^^^‘^tion oi 

maximum XperXe 

Oomj>tae^ ’s E-Jidl>ooA, Intmductm^TnT^Th*’^'® i®®® 
tion 18 reo-arf^Pf^ oc P IL) This reduc- 

ISOTHERM^’S regions XhT^ 'a 
otherwise the isofherms simply ??p1oXp T^® '^V®''®^’ 
but it reduces thp ^ „ “■°® the contours, 

the addition of ten or t-woi ’itihty of the maps because 

actually oteerUX Jl If f'^®f®p®®,^ temperature 

state -tiial 

piessuieTo^ SriefS bSusf *^® ^®tluction oL 

uecanse tJie human organism has 
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no tiuch sej)a.iaie peiceptioii ^ot piessuie as it has ot 
temperature 

The reduotion of ]jressime to sea level is carried out m 
accordance with the general rule for the relation ol 
difteience ot pressure to difference of height This goes 
according to the equation 

h - A, = hT (logio^^o - logioi>) 

wheie /<, /ioj coiiesponding values ot height and 

piessure, T is the absolute tempeiature, and L, a constant 
which IS numeiically equal to 67 4 when the height is 
to be given in metres, or to 221 1 when the height is 
to be given in feet This equation is derived from, the 
diiect expiession of the i elation of piessuie and height 

g p i\/i = — (l^; 

The best way of woiking the equation is to use what is 
called semi-logarithmic papei,that is squared pax3er which 
IS ruled m one direction in equidistant lines representing 
equal steps ol height, and in the othei direction according 
to the logaiithm of the numbers indicated on it, like the 
graduation of a slide-rule The lelation between height 
and piessure for any one tempeiatuie js' ie]3ieseiited by a 
straight line that has a slope that can be calculated when 
k IS known The legular course is to find the proper 
point for the height and pressure of the starting xioiut, 
and travel along the line of proper sloiie tor the tempera- 
tuie so long as that temperature can be accepted, say for 
hall a kilometre When the half kilometre is leached 
adjust the slope foi the mean temperature of the next half 
kilometre, and so on until the observed difference of 
pressure has been traversed If the line reaches the 
boitndar}' oL the i tiled x)ax)er, the veitical line oi the 
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accurate deteimiudtiou 
know^ temperature of each stage must be 

oe™;. Jf are no actual measurements foi the 

occasion an approximation may he made by using mean 
values eithei for the initial temperatuie or the lapS of 
temperature with height 

To simplify the process of obtaining the height difter- 

nrovfdS'^t semi-logarithmS paper is 

kni ^ ^ Meteorological Office ruled with the slope 
lines f 01 given values ot the tempeiature, so that with 
a parallel rulei the composite line for any particular 
determination can be easily drawn A reduced copy of 
the form is shown m the figure 

liumidiy of the an makes very little difCezenco 
to the computation of height in oui latitudes wheie 
tZ moisture do not reach tropical figures 

The best way for allowing approximately for humnlity, 
which diminishes the density under standard conditions 
IS to regard the temperature as increased by one tenth ot 
!tmo%?efe' water-vapour-pressure in the 

uameapplied to the bending to which 

StheVj differe,?^®^ medium to 

S in ia^^ important 

p^ in many optical phenomena in the atmosnheie 

MIRAGE, HALOS, and RAINBOWS are refraction pheno' 
mena, the colours of the two latter being due to the fact 
colo’^rs suffer a d'llerent amount S 

apparent 

ALTITUDE of a heavenly body is greater than its real 
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altitude because the rays of light enteiing the atmosphere 
are passing from a less dense to a more dense medium, 
and their final direction is nearer the vertical than their 
original direction 

Registering balloon —A small free balloon carrying 
with It a light meteoiograph and sent up to asceitain the 
temperature, humidity, &c , of the air See BALLON 
SONDE 

Regression Equation —See p 339 

Relative Humidity.— All natural air, unless it is 
artificially dried, contains more or less watei in the form 
of vapour Foi each temperature there is a fixed and definite 
limit to the amount of water in a definite volume of air, such 
as a cubic foot or a cubic metre Air which contains this 
full amount is called saturated air The actual amount that 
can be present in a given vofume depends on the tem- 
perature, and increases rapidly as the temperature rises 
The relative humidity is the ratio of the amount that is 
present to the maximum amount that could possibly be 
present This ratio is expressed as a percentage, so that 
saturated air, at whatsoever temperature it may be, always 
has a relative humidity of 100 Thus a relative humidity 
of, say, 75 means that a certain volume of air is holding 
in the form of vapour 75 grammes or ounces of water, 
whereas it is capable of holding 100 grammes or ounces 
When saturated air is cooled by any means it ceases to be 
able to hold all the water in an invisible form, and fine 
water drops appeal forming a fog or cloud 

From an analj sis of upwards ot 100,000 hourly readings 
at the observatoiies of the Meteorological Office during 
rhe three years 1907, 1908, 1909, it appears that on the 
average out of one thousand observations at every hour of 
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fieuiu'ncies of 

speemed values of relative humidity aie as follows 

Table of Preqfencies op occuerbnce of specified 
VALDES OP Relative Humidity RBPBiiiiED to a 
total op one thousand HOURLY OBSERVATIONS 


Relative Humidity 


Aberdeen 


Valencia 


Palmoiifcli Kew 


Frequency 


loo 

95 Q 9 
go to 94 
8o to 89 
70 to 79 
60 to 69 
50 to 59 
40 to 49 
30 to 39 


Total 


45 

150 

378 

270 

119 

33 

4 

o . 


1000 


^4 

186 

191 

335 

217 

5 ^ 

5 

I 


o 

104 

213 

328 

^34 

102 

18 

r 

o 


1000 


1000 


I 

76 

J7T 

3-2i 

206 

^35 

71 

^7 


JOOO 


See also apsolhtb humidity, p 290 ” 

Reversal —A large change (more than 99°) m direction 
between the surface current and the wind m the upper air 

mart tHs^GOO 
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When an eruption of the Soufriere in St Vincent takes 
place, the dust, earned by the upper cuiient, tails in 
Barbados, though it lies loO miles to windward ot ot. 
Vincent (see PILOT Balloon) 

Rldg’e — An extension of a ‘‘ high ” area shown on a 
weather chait, con espondms: to the ridge lunning out- 
wards from a mountain system It is the opposite or a 
trough ot low pressure 

Rime — Ice crystals, like small needles, which form on 
trees and buildings in toggy, fiosty weather The needles 
point to the diiection ot the wind, and, in favourable 
situations, the summit of Ben Nevis tor example, may 
accumulate and term large and heavy masses of ice 

RiVGr — Geographically a river is simply the flow of 
water from the higher levels of the land to lower levels 
and is thus, in meteorology, only part ot the great circu- 
lation of water through evaporation and condensation, 
but, Irom the point of view ot climate, the variations of 
nver-level are interesting and important as they represent 
the result of meteoiological causes operating over a 
region The seasonal variation is often different from 
what might be expected, for example, the River lhames 
IS at Its highest in February, four months after the normal 
period of greatest rainfall i'he great histone example 
of seasonal variation of river-flow is that of the Nile, upon 
which the fertility of lower Egypt depends , its annual 
rise begins at Assuan lU June and reaches ite maximum m 
the begmning of October The Tig» is and Euphrates, like 
most Continental rivers, show their rise in the spring with 
the melting of the snow in the regions of the head waters 

H 
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Summaries appended to Thp Weather 


See Climatic 
Map 

iels®CtrIy“r„l 5 

sometim^^ discharges of electricity 

proieetine- ohieTt-'^^^Tf ’ ^ mountains on 

^ objects It may be imitated by brmmmr a 

Leyden^;!?"^^ ^ 

indiStelSairTlhl^®'' 

that temperaJure is vapour at 

would lead to the 4 .'^ reduction of temperature 

drops, Sile a ^se some of it to liquid 

“ dry " and .r^Stt ‘’‘* ““• 

a.®M»f“a7 wS aa^ir “"'r™***™ *» ‘odioate 

therefor; to aCd the Ssin T^®^!’"'’® 

and of neTffhboSin. nt . sun’s rays 

which allow of a free circnfi^ ^o^jred screens are used 
used at the Meteorological fee *^1 pattern 

ficatior of thatdesigS bY^Th^rn?®®^^*®'’'®® '® ^ 
of the founders of the Wf t SteYenson, C E., one 
It IS known in this lonmTS^l^^u^®^.® Society 
the continent as the EnglisVsciS^ S^tevenson screen, on 

fragments of cloud thTt^ dr^^ sailors to describe small 
clouds. The meteorolol^/*! underneath nimbus 
(FrNb) See Clouds^ ^ ^ ®™ '® fracto-nimbus 
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ill mountamoiis distiicts, after the passage of a depres- 
sion, nimbus often breaks up into scud, which may 
persist with sunny weather for many hours 
Sea-breeze —A bieeze that blows from the sea during 
the day in hne weather and drops at night (see BBEJEZBJ 
In bright weather the warmed air over the land-surtace 
uses, and there is an inrush of the cooler air from the sea 
to take its place , at night, when the temperatures 
moie or less equalised, the wind dies away 
Sea-Level —The level surface which the sea would 
have if the wa\es were smoothed out Mean sea 
(M S L ) IS the mean position occupied by this surface 
during the whole year In England M S L is an arbi rary 
level at Liverpool See LEVEL 

Seasons — In meteorology the seasons are taken to be 


as follows 

1 Spring March, Apiil, May 

2 Summer June, July, August 

3. Autumn September, October, November 

4 Winter December, January, February 

If an element is desciibed as having simply a seasonal 
\ariation, it implies that it goes through its changes in a 


period of one year 

The selection of months to represent the seasons accord- 
ing to the farmei’s year is guided by the considerataon 
that each season shall comprise three months ihe 
uniformity in length opens the way f oi some paradoxim 
cases The warmest week of summer may be m the 
spiing, late May, or m autumn, early September, and 
the coldest week of winter may be in the autumn, late 
November, or spring, early March Froin the point of 
view of weather, we have m this country about hve 
months of moderate winter weather between OctobOT and 
13204 ^ " 
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middle mTv of summer weather from the 

Bprana- m.d middle of September, a short 

ar^not nirlv variations 

countnes and ih. 1?® coutiuenUl 

«n«„^;jrmuc‘i2"r4r ‘'’ ■“ ‘‘"■' 

SEA-LEVEL OP EACH WEEK 


Weei IS’o 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Mean 


Winter 

Spring* 

a 

a 

278 

278 

78 

79 

78 

79 

77 

80 

77 

80 

77 

81 

77 

81 

77 

82 

78 

83 

78 

83 

77 

84 

77 

85 

77 

86 

277 

282 


Summer 


a 

287 

S7 

88 

89 

89 

89 

89 

89 

89 


89 

88 

289 


Rainfall in Millimetres 


Autumn 


a 

288 

87 

87 

86 

85 

84 

83 

82 

82 

81 

80 

79 

79 


283 


Eng-land, S E 
Scotland, N 


mm 

172 

mm 

13 1 

mm 

160 

mm 

21O 

413 1 

251 

268 1 

1 396 
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The seasonal changes for England South-East, are set 
out in the accompanying table of normal temperatures 
for each week ol the year, to which the seasonal rainfall 
of Scotland North, as well as of England South-East, has 
been added The temperatures are given only to the 
nearest whole degree of the absolute scale, so that minute 
difierences are not apparent 

If we allow tor winter the temperatures 277, 278, 279, 
i e , from 39° F to 43° F , and for summer the temperatures 
287, 288, 289, % e , from 57° F to 61° F , we see from the 
table that winter tempeiatuies last from the 12th week of 
autumn (middle of November) to the 3rd week of spring 
(middle of Maich) , then come ten weeks of slow tran- 
sition, a degree each fortnight, to summer temperature in 
the first week of summer (beginning of June) , the 
summer temperatures last until the third week of autumn, 
about the 21st September, then there are eight weeks of 
rapid transition of a degree each week until winter temper- 
ature IS reached in the middle of November 

Some inteiesting particulars of the temperature of the 
several seasons in the British Isles are given in Tempera- 
ture TaUes of the British IsleSy M 0 Publication 154 
(1902) Diagrams are given for the daily temperature at 
four observatories Aberdeen, Valencia, Falmouth and 
Richmond (Kew Obseivatory), and they show a lag of 
temperature behind the Sun very similar to that noticed 
in the diurnal changes of temperature which are figured 
m the same volume 

For rainfall in the South-East of England autumn is the 
rainy season with 216 mm , compared with 131 mm in 
the spring, while in the North of Scotland winter is the 
rainiest season though spring is again the driest 

In considering the seasonal variations of rainfall it is 
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between the day lainfall and the 
rj «o^trast the two from the 



Average Daily Rainfall 

— 

A 

M 

P 

M 


Midt to 

b a m to 

Noon to 

6 p m to 


bam 

Noon 

6pm 

Midt 

January 

February 

Marcb 

mm 

0 37 

038 , 

mm 

037 

035 

mm 

0 36 

034 

mm 

0 36 

0 29 

April 

031 { 

0 30 

0 32 

034 

May 

June 

0 00 1 

034 1 

034 

035 

039 

042 

0 30 

0 26 

July 

043 1 

045 

1 054 

051 

August 

039 : 

0 ^6 

042 

0 67 

0 48 

September 

o'^ 1 

0 /( fi 1 

0 42 

059 

0 42 

October 

u tj.y 

0 37 

043 

0 46 

November 

0 59 

057 

0 60 

050 

December i 

® 49 , 

046 i 

0 40 

0 38 

048 

041 

1 

049 

0 40 


It will be seen that there is a maximum in October for 
each of the four quarters of the day, bat the October 
maximum for the afteinoon and foi the evening is a sub 
sidiary one The maximum for the whole year belongs to 

recommended to draw “isonletbs” on 
this table, that is, lines of equal rainfall, 60 mm 55 mm 

grouping of the rainy and of the dry parts 
of the day m different months of the year yery L^st^e 
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The idea of four seasons in agriculture appropriate to 
these islands, the winter for tilling, the spring for sowing 
and early growth, the summer for maturing and harvest- 
ing and the autumn for clearing and preparing, depends 
upon the peculiarity of our climate Where the land is" 
ice-bound in winter or rainless m summer another dis- 
tribution has to be made 

Between the tropics there is nothing that can properly 
be called summer and winter , the seasons depend upon 
the weather and rainfall, and not upon the position ot the 
sun, and the periods of growth are ad] listed accordingly 
In India, or the north-western part of it, the divisions of 
the year are the cold weather, the hot weather, and the 
rains 

It IS curious, for example, that the period for growing 
wheat in Western Austialia is locally the winter period, 
and coincides in actual time with our own, wl^ich is a 
summer period 

Secant — In a ught angled triangle the ratio of the 
hypotenuse to one side is the secant of the angle between 
the two See SINE 

Secondary — A small area of low pressure accom- 
panying a larger “ primary ” depression The secondary 
may develop into a large and deep cyclone, while the 
primary disappears See ISOBAES and Plate AT/J 

Seismograph. — An earthquake recorder, or instru- 
ment for automatically recording the tremors of the earth 

Serein — Fine ram falling from an apparently clear 
sky It happens very rarely 

IpShamal — From an Arabic woid oi^igmally meaning 
“ left-hand ” and thence Noith ” used to denote the 
North-Westerly winds of summer over the Mesopotamian 
plain See The Weather Map, p 60 
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« SJiepherd of Banbury.— The nominal author of 
rules to judge the changes of the weather,” The 
following IS taken from “ The Complete Weather Guide,” 
• by Joseph Taj lor, 1814 — ’ 

shepherd of Banbury was, we know not, nor indeed 
Rhenhora rules called his wtre penned by a real 

“f®* immaterial their Uuth u 

mo sltl .w published them in the year 

thul^ wrv aie grounded on forty years’ experience, and 

<Tv,l ®®®°“ub3 for the presumption in their favour 

be remarks, ‘ whose sole business it is to observe what 
^8 a reference to the flock under his care, who spends all his days, 
nf iToo®"^ ® open air, under the wide-tpread canopy 

the W?X’/®,® '■®a‘®^® P"*“ular notice of the alterations of 

^eX™bnnR’.r,« ®“ ^® v®”®® '=®'"® ® 

oteervations, it is amazing how great a progr. ss he makes in them, 
^ ®®^ ? certainty he airives at last, by mere dint of 
events, and coi renting one remark by another 
SX? +>.a^ becomes to him a sort of weather-gage The 

the’floteX^a°®?ho^n stars, the clouds, the winds, the mists, the trees, 

®''®'^ animal with which he is 
become, to such a person, instruments of real 

The rules enumerated are typical of all lules based on 
experience of the weathei , what of truth or error there is 
in them the reader may judge , they are as follows — 

Sun Xf the sun rise red and Jiery — Wind and ram 

Clouds If cloudy aaid the clouds soon decrease — Certain 
fair weather 

Clm^ small ^ rmmd, lihe a dapple-grey, with a mrth-wrnd 
TEir weatlier fox two or three days 
Jf simll Cloudb %%ci edhe — Much ram 
Jf large dlovds decrease — Pair weather 
In Jumn^er 07 Marieit, when the wmd has leen South two or 
three dags and tt grows tery hot, and you see aouds nse 
mih great white lops hhe Tow&rs, as %f one weie upon the 


I 

II 

III 

IV 
Y 

VI 
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lop of another^ and joined together with Mach on the nether 
\%de — There will be thunder and ram suddenly * 

VII If two huoh Clouds arue^ one on either hand — It is time to 
mdke haste to shelter 

VIII If you 8(6 a Cloud rm aqaimt the Wind or side Wind^ when 
that Cloud comes up to you — The Wind will blow the same 
way that the Cloud came And the same Rule holds of a 
clear Place, when all the Shy is equally thicl, eacept one 
Edge 

IX Mi&t — If Mish rue in low Giound^, and soon ranisli — Fair 
Weather 

X If Mist<i rise to the IlilUtops — ^Ram in a Day or two 

XI A general Mut before the Sun rues, near the full Moon — Fan 
Weather 

XII If Mists in the New Moon — Ram in the Old 

XIII If Mists in the Old — Rain in the New Moon 

XIV RiAJur Sudden Rams neier last lon^ hut when the Ad 

grows thioh hy degrees and the Sun, Moon and Stars shine 
dimmer and dimmer, then it is like to ram six Hours 
usually 

XV If it hegm to ram from the South, with a high Wind for two 

or three Hours, and the Wind falls, hut the Ram continues, 
It IS like to ram t\\elve Hours or more, and does usually 
ram till a strong North Wind clears the An These long 
Rains seldom hold ahoie twehe Hours, or happen dboie once 
a year 

XVI If it begins to rain an Hour or two before Sunrumg, it is 

likely to be fair before Noon, and to continue so that day , 
hut if the Ram begins an Hour or two after Sunrising, it 
IB likely to ram all that day, except the Rainbow be seen 
before it rains 

XTII Nlwm — Obserie that in eight Tears'* lime there is as much 
South-We4 Wmd as JSorth Mast, and consequently as 
many wet Years as dry 

XVIII When the Wmd turns to North-East, and it continues two 


See photograph of Cumulo-Nimbus under Clouds 
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XTX 


XX 


XXI 


XXII 


XXIIT 


XXIV 


XXV 


without Bain, and does not turn South the third Dau, 
no? Ram the third Ray, it iit hhely to continue Noith-Erut 

0 ? nine all ±air , and then to come to the 

oouth again 

Afte) a Noitheily Wi7id fo? the most part of two Months or 
mo? e, and then conmiq South, are usually three or 
JDaysat first, and then on the fourth or fifth 
^ay comes Ram, or else the Wind tu??is North again, and 
continues dry ’ 

^^oith-East with Ram, 
iVora-^<s^625 two Rays without Ram, and 
>^e^7‘/^or turm bouth no? rams the thud Ray, it is likely to 
continue North-East two or thiee months 

a 'W two withovt Jlatii 
and tvnu Amthwaid mth Ram, and retmm to the South 

NTtf’ Sf‘y‘’ m thiee hmet, togethei 

W^V /wnT or fcouth- 

Tiefoie ° three Months together, as it was su the JVinth 

The winds will finish these turns m a fortnight 

with a Southein Wind is like to 
produce a great Brought, if t/ieie has been much Rain out 

without Ram, hut 
fsZTJ Jt'" and Ram 'Ihe 
“‘‘‘i turns fimis South to Nmth hy 

il' P^t olearsthe Air,whiih r, 
usually once a Weeh, be sure of a fair Bay or two 

and Summer-// the last eighteen Rays of ieh- 
t^7tC ^‘^y^f^^archhefor the most paitiainy, 
tL T Summer Quarters are like to be so 

that Seion''®’'“ brought but it entered in 

Begin, img of 

Tariii^^ ^ maim amd lainy, then 
eCnSiS a f bruary axe like to be frosty and cold, 
except after a very dry Summer 

iyoremJer jg ^ ^ January and 

February are likely to be open and mild ^ 
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The CORRELATION COEFFICIENTS {qv) foi one or two 
of the above rules haVe been worked out, but they are dis- 
appointing — 

XXIII For 38 years, S B England, between lainfall ot last 18 days 

of February and first 10 days of March, and spring rain- 
fall, the correlation coefficient is + 0 14 , between the 
rainfall for the same period and summer rainfall, + 0 07 

XXIV For 64 years at Greenwich, between October-November 

temperature and that ot the following January-February, 
-j- 0 05 , between October-November temperature and that 
of the following December-January-February-March, 
+ 0 25 

None of these values indxcates a connection of any 
significance , in the case of XXI 7 the Shepherd’s pro- 
position IS negatived 

Sliver Thaw.— -An expression of American origin 
After a spell of severe frost the sudden setting in of 
a warm damp wind may lead to the formation of ice 
on exposed objects, which being still at a low temperature 
cause the moisture to freeze upon them and give rise to a 
“ silver thaw ” 

Simoon — A strong, hot wind, accompanied by clouds 
of dust, experienced in the Sahaiaandthe Arabian desert 
It IS probably due to convection movements similar to 
those m thunderstorms, but there are no clouds, rain or 
thunder and lightning , this is probably owing to the 
extreme dryness of the air over the desert 

Sine — The ratio of the "vertical Jieight of a distant 
object to the distance of its top from the observer is the 
same for all objects which have their tops in the same 
line of sight It is one method of specifying the angles 
which the objects ‘‘ subtend ” at the eye of the observer, 
which could also be specified by the ratio of the vertical 
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height .to the horizontal distance of its foot (tangent) or 
by the ratio of the horizontal distance of the foot to the 
distance of the top from the observer (cosine) The 
values of these ratios are of great importance in survey- 
ing, and are called the trigonometrical ratios of the angles 
ihey are formally defined as follows — 

drawn from the observer to the top 
object, BC the vertical, AC the horizontal 
angle ^ right angled triangle with C as the right 

The sine of the angle A (sin A) is the ratio BC to AB 
, i he cosine of the angle A (cos A) is the ratio AO to AB 
Ihe tangent (tan A) is the ratio BC to AC 
The secant (sec A) is the ratio of AB to AC 
The cosecant (cosec A) is the ratio AB to BC 
ihe cotangent (cot A) is the ratio AC to BC 

If the angle is greater than a right angle some of these 
ratios are negative, and the following convention is 
adopted A positive angle is measured from AO in the 
directiOT opposite to the motion of a watch hand The 
line AB IS always counted positive, AC is positive if C 
Mis on the right of A, negative if C falls on the left, and 
BC IS positive if B falls above AC, and negative if B is 
h^ow AO. Thus if the angle is between 90° and 270° 
AO IS negative, and if between 180° and 360° BO is 
negative 

obtained by plotting, 
lionzontal distances representing angles, vertical 
ordinates representing the.r SINES Its simplest equation 
IB ^ ^ ^ove general equation 2 / =— a sin (^x; — a) 

represents the same curve shifted forwards through a dis- 
tance eopresponding to the angle a. The importance of the 
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curT© in Meteorology is due to the fact that it represents 
the simplest form of PERIODIC variation , its shape, in 
fact, IS that of the conventional wave ” The diurnal 
and annual march of temperature, for example, would, in 
SO far as they depend onl> on solai altitude, each be 
represented by a sine curve, and are so represented in 
theoretical work Any periodic variation, however 
complex, can be represented by a number of sine curves 
superposed The process of finding a set of sine curves to 
represent a given variation is called Harmonic Analysis, 
p 145 and p 311 {qv) 

Sirocco — A name used on the Northern shores of the 
Mediterranean indiscriminately for any warm Southerly 
wind, whether dry or moist Such winds blow in front 
of depressions advancing Eastward The typical Sirocco 
however is hot and very dry, and is probably in many 
places a Fohn wind 

Sleet — Precipitation of rain and snow together See 
p 341 

Snow — Precipitation m the form of feathery ice 
crystals See p 342 

Snow Crystals — Thm flat ice-crystals of a hexagonal 
foim There are many patterns, and when snowflakes 
of various size are observed on any one occasion they 
differ only by containing a larger or smaller number of 
these crystals 

Solar “ Constant The amount of radiant energy 
which would be received in one second from every square 
centimetre of cross-section of a beam ot solar radiation if 
it had undergone no absorption in the atmosphere Recent 
investigations indicate that the solar “constanc” is not 
invariable The mean value is about 135 milliwatts per 
square centimetre, 
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Solar Day —See Equation or Time 

Solarisation — Exposure to direct sunlight , the same 
as Insolation {qv) See also Eadiation, p, 330 

Solar Radiation TiLermometer. — A theimometer 
whose bulb IS blackened with lamp black, placed m a 
vacuum, and exposed to the direct rays of the sun It is 
used lor obtaining some indication of the intensity of the 
sun’s radiation 

Solstice. The time of maximum or minimum decli- 
nation of the sun, when the altitude of the sun at noon 
snows no appreciable change from day to day The 
summer solstice for the northern hemisphere, when the 
sun is farthest north of the equator, is about June 21st, and 

e winter ^^solstice, when it is faithest south, is about 
December 2ist After the summer solstice the days get 
shorter until the wintei solstice and vice verba 

Sounding*.— Generally means a trial of the depth of 
the sea, but in meteorology it is used for a trial of heights 
in the atmosphere with measures of pressure, temperature, 
wmd-velocity - Soundings of the ocean of 
carried out by means of kites, PILOT balloons 
or BALLONS-SONDES. 

Weather —Long spells of the same type 
^jyeatlier are otten experienced Anticyclomc weather 
1 ^°^ 7®®^® Depressions often follow 
^®®ks or even 

wl. 1 of ’IS we get a warm 

inrfv f r ^ Westerly, type, and accord- 

anSLrwfti,^^®® ?“® succeeding one 

Winter o? Si |T®icfi®FH'L'*^» “ the Autumn and 
1915 lO 1916 If the depressions pa^s to the 
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South we get Easteily and INorth- Easterly winds, with, 
cold weather and ram, or snow in Winter, as in the cold 
spell m February and March, 1916 

Spring — Meteorologically m the northern hemisphere, 
the thiee months March, April and May Astronomically, 
spring IS defined as the period from the vernal EQUINOX, 
March 21st, to the summer solstice, June 21st See 
Seasons 

Squall — A strong wind that rises suddenly, lasts foi 
some minutes, and dies suddenly away It is frequently 
associated with a temporary shift of the wind, and heavy 
showeis of ram oi snow The thundersquall is a cool 
outrushing wind, probably katabatic, that often precedes 
a thunderstorm 

Stability — A state of steadiness not readily upset by 
small events For stability of the atmosphere, see 
Enteopy 

Standard Time — Time referred to the mean time of 
a specified meridian The meridian of Greenwich is the 
standard for Western Europe The standard meridian of 
other countries is chosen by international agreement, so 
that it differs from Greenwich by an exact number of 
hours 01 half hours 

^State of the Sky. — The fraction of the sky obscured 
by cloud It IS usually measured on a scale, of 0 (quite 
clear) to 10 (overcast) A rougher classification suitable 
for synoptic charts divides the cloudiness into four classes 
lepiesented by the symbols b, be, c, and o, which corre- 
spond to cloudiness of 0-3, 4-6, 7-8, and 9-10 respectively 

Statics — A branch of mechanics, dealing with the 
forces w^hich keep a body at rest 
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where regulai meteorological 
The classihcation of British 


station —A place 
obseivations are made 
stations 18 — 

cau2i International Clossifi- 

continuoiis Observatories at which 

continuous records, or hourly readings, of nressure 

va^ons^^'S-^^^^’ ^ 8 -™, with eye obser- 

douds and w form, and motion of 

Clouds and notes on the weather, are taken 

ficahonS, International Classi- 

£? recordid Tf Station^ at which 

Sions of ^ ® obser- 

wind clond^atfd'^^^* temperature (dry and wet bulb), 
wind, cloud and weathei, -with the daily maxima and 

Se’^^wei?“^^Af rainfall and remarks on 

SLE)rai.o):gSs:/“”“ »' 

cattL^^Af,Zf7 International CJassty?- 

Servatmn^ irT^f^ Stations at which the 

ODservatiocs are of the same kind as at the l^ormal 

f day lx ^ off taken once 
Lura ^ recognised 

Statosoope— A very sensitive form of aneroid 
SinX’ThA®^ ^ a balloon is rising or 

Storm. — Is commonly used for any violent atm os 
phene commotion, a violent Gale or a tJ UNDBRSTORM a' 
mnstorm, duststorm or snowstorm A gale of wind ’is 

Storm Oono, — bee Gale Warding 
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StratO-cumulixs — The most common form of cloud 
of moderate altitude, sometimes covering the "whole sky. 

It consists of flattish masses, often arranged in ’waves or 
rolls See Clouds 

Stratosphere — The external layer of the atmosphere 
in which there is no convection The temperature of the 
air generally diminishes with increasing height until a 
point is reached where the fall ceases abruptly. Above 
this point lies the stratosphere, which is a region where 
the temperature changes slowly in a horizontal direction, 
and IS practically uniform in the vertical (see BALLOisr- 
SONDB) The height at which the stratosphere commences 
18 often about ten kilometres, but varies It is higher in 
regions nearer the equator 

Stratus — A sheet of low cloud without definite form , 
viitualiy tog above the level of the ground See CLOUDS 

Summer — Meteorologically in the northern hemi- 
sphere the months of June, July, and August Astro- 
nomically, the period from the summer solstice, 
June 21st, to the autumnal equinox, September 22nd , 
See Seasons 

Sun — The central body of the solai system, round ^ 
which the various planets revolve. Almost all meteoro- 
logical processes depend directly or indirectly upon the 
radiation received from the sun 

Sun-dogs — Another word for MOCK SUNS or PAR- 
HELIA , images of the sun occurring most often on 
the halo of 22° radius Sometimes also used for portions 
of a rainbow 

Sun Pillar. — A column of light extending for about 
twenty degrees above the sun, most often observed at 
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sunrise or sunset The colour is usually -white, but some- 
times red It IS due to the reflection of light from sno-w 
crysidls 

Sunset Colours — See Blub of the Sky and 
T-svilight, p 344 

Sunshine— An important climatological factor that is 
\ sunshine recorder, an instrument in 
which the rays of the sun are focussed by means of a 
glass sphere upon a card graduated into houis To obtain 
instrument must satisfy a precise 
1*® appearance on 

deah^^ papei and in many other ways, but in 
dealin^ -with climatological records it is of the first 
importance that they should be made on a comparable 

for^th?d.f™/'®^ ® ^ normals 

tpmr^o / ^ sunshine, together with those for 

IS given in an Appenclxji, to the 
Wmhly Weather Report for 1913 The onlv tn 

amoun? possible 

Si S reford s P^^’^'^tage of possible duration shown 
cent m nl’ O’?® goes northward, from nearly 45 pei 

Isks This dSr'iS Shetland 

s‘ lutt? =Ti“= ‘pLMx-asi 
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along the Antarctic Circle in the Southern Ocean And, 
on the other hand, we know that, except in those regions 
where the belts are interrupted by the trade winds and 
monsoons, there is hardly any interference with the sun’s 
rays by cloud in the high pressure belts along the Tropics 
ot Cancer and Capricorn We are not able at present to 
give the figures which represent these conclusions, but 
they lead on to speculation as to the causes which account 
for the distribution of cloud and sunshine and as to why 
cloud and rain aie not confined to special localities or 
regions 

Percentages of Possible Duration op Sunshine 
FOR THE Whole Year for Districts in the 
British Isles (averages from records ex- 
tending over the 30 YEARS, 1881 — 1910 ) 


Western Side 


Scotland, W 
Ireland, N 
Ireland, S 


Per 

cent 

Middle Districts 

Per 

cent 

Eastern Side 

Per 

cent 

30 

Scotland, N 

26 

Scotland, E 

30 

29 

Engfland, N W 

32 

England, N E 

31 

32 

Midland Counties 

31 

England, E 

36 

England, S W 

38 

England, S E 

38 


English Channel 

43 




Suiisllill.e Recorder • See Observer's Handbook 
Sunspot-Numbers the numbers which aie used 
to represent the Tariation m the sun’s surface from year 
to year as regards spots The occurrences of daik spots, 
sometimes large, s(5metimes small, which are to be seen 
from time to time on the sun’s face between its equator 
and forty degrees of latitude north or south, have long 
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in their ^ observation An in egular periodicity 

1851 n a, discovered hy Schwabe of Dessau in 
ZiineV? n ^ yeais of observation Professor R Wolf of 
out a means of records in a variety of places, made 

Professor continued by Ins successor, 

the formnio 7 ®’m&pot-nuin her N is obtained by 

S uSurof ^ O' ™ ^^^oh g is the number 

ot fnots^iSeU^"*® spots, /is the total number 

snots coinbini!i*^1.^ Counted in these groups and single 
equation ’’ T ^ multiplier representing “ personal 

Sn anH T? e ,‘^opends on the conditions of obser- 
obseriin^ w^h employed For himself when 

Wolf took Ifc as\nd/®®'“°^ telescope and a power of 64 

arltatrarv^^^W*^ 0 o^toming the number seems very 
rIcOTds^W^-RJl/'’°“"«e^® examination of photographic 
the numSra ri It IS proved that 

W’ if tha appioximately with the “spotted 

SSesnlds ^ sunspot-number 

Sobered bv aiii^ the sun’s visible disc 

(See4£s?n,’’by S P^^'^^'iras 

sun^s'’!dmosiwr®Tu®'^ f disturbances of the 

anilituia S +u ^ definite relation to the 

Sal diurnal changes in ter- 

stoS isitdl iiT tbeir exact relation to magnetic 
beeTma/a li "Tt. attempts have also 

the sunsnot toe phenomena of weather with 

Indian Indian famines dependent on 

£Ssh mifa 1 the South Indian Ocean, 

P ramfall, commercial catastrophes have all been 
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the subject of investigation The mean peiiod of fre- 
quency of spots IS 11 1 years and anything with a period 
ap[»roximafcing to 11 years or a multiple or sub-muhiple 
thereof, may suggest a connexion with sunspots The 
most recent and the most effective relation that has come 
to the knowledge of the Meteorological Office is the direct 
relation between the sunspot-number and the sranation 
of level of the water in Lake Victoria at Port Florence 
The OOERELATION in this case is + 8 


The following is the list of sunspot-numbers since 

1750 — 

Table of Sunspot-Numbers, 1750-1916 


— 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1750 

83 

48 

48 

31 

12 

10 

10 

32 

48 

54 

1760 

63 

86 

61 

45 

36 

21 

II 

38 

70 

106 

1770 

lOI 

82 

66 

35 

31 

7 

20 

92 

154 

126 

1780 

85 

68 

38 

23 

10 

24 

83 

132 

13I 

118 

1790 

90 

67 

60 

47 ' 

41 

21 

16 

6 

4 

7 

1800 

14 

34 

45 

43 

48 

42 

28 

10 

8 

' 2 

1810 

0 

1 

5 

12 

14 

35 

46 

41 

30 

24 

1820 

16 

7 

4 

2 

8 

17 

39 

50 

62 

67 

1830 

71 

48 

28 

8 

13 

57 

1 122 

138 

103 

1 86 

1840 

63 

37 

24 

II 

15 

40 

62 

98 

124 

96 

1850 

66 

65 

54 

39 

21 

7 

4 

33 

55 ’ 

94 

i860 

96 

77 

59 

44 

47 

30 

16 

7 

37 

74 

1870 

139 

III 

102 

66 

45 

17 

II 

12 

3 

6 

1880 

32 

54 

6c 

64 

64 

52 

25 

13 

7 

6 

1890 

7 

36 

73 

85 

78 

64 

42 

26 

27 

12 

1900 

10 

3 

5 

24 

42 

64 

54 

62 

49 

44 

1910 

19 

6 

4 

I 

10 

46 

55 
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Surge — First used by Abeicromby to denote the 
general alteration of pressure that seems superposed 
upon the changes i elated to a low pressure centre 

Synoptic —Giving a geneial or “ bird’s eye ” view 
synoptic charts show the weather at one point of time, or 
Its mean values for the same interval, over a large area 
upon a single map 

Tangent A straight line that touches a curve and 
does not cut it even when produced Trigonometrically, 
the ratio perpendicular base See SiNB 

Temperature — The condition which determines the 
how of heat from one substance to another Difference 
of temperatare plays the same part in the transfei of heat 
as does difference of pressme in the tiansfer of water. 

‘distinguished from HEAT, 
^ temperatuie a factor which 

"rri' ^T t^bS'c™. .s 

wJif^d’®i*atTire-Gradient.— A change of temperature 
gradient) , but the usual meaning of 
- late or rate of decrease of tempera- 

ture that IS found as greater altitudes are reached 

In most parts of the earth near the surface a fall of 

Sfll wl o ®^“imit of a mountain 3,000 feet high 

SiSeveTmV«“^®’'^*”®i.F^ dower than stations 
near sea level in the same neighbourhood 

=»rr :“r»=“ « 

hi metre m England m the lower strata, but increases to 
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from T to 8° in the stiata that he between 5 and 9 kilometre 
height Above 11 or 12 k the fall ceases altogether In 
the tropics the tempeiature gradient of 7° or 8° per kilo- 
metie is continued np to 15 k height oi more See Tables 
under Ballon-Sonde and Density 
Tension of Vapour —See Vapour 
Terrestrial — Having reference to the earth The 
teim Terrestiial Eadiation reteis to the heat radiated from 
the earth 

Thaw — The teim used to denote the cessation or 
break-up of a ti ost , usually the result of the substitution 
of a South-Westeily type tor a North-Easterly type m 
this country, or of the sudden incursion of a CYCLONE 
from the west in more northern latitudes the ‘‘ spring 
thaw ” is a periodic event, denoting the seasonal progres- 
sion, the unlocking of ice-bound seas and the melting of 
the snow In these latitudes, in Western Europe, though 
not m Canada oi Asia, the sun is generally at sufficient 
ALTITUDE about noon, except neai mid-wmter, to effect a 
partial thaw by day, even in the midst of a piotracted 
frost, if the sky is cleai 

ThermodynanilCS — That part of the science of heat 
which deals with the transformation of heat into othei 
forms of energy See Energy and Entropy 

ThLermogrrani — The continuous record ol tempeiature 
yielded by a thermograph 

Tkermograph — A self - recording thermometei 
generally consisting of a “ Bourdon ” tube or a bimetallic 
spiral with a suitable index A large spirit thermometer 
with a float is also used A mercury thermometer can 
also be arranged to give a photographic record, as at the 
observatoiies of the Kew type 

Thermometer — An mstrumem for recording tern- 
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mCTcurv’OT^smrTi-'y ot the changes m volnme of 

“ one end bu n.T f'? m a glass tube with a bulb 
electrical resists neo t infrequently by the change of an 
18 required tl^e temperature of the air 

sunnv easily obtained, particularly in 

StevensT? spleen thermometers exposed in a 

pracS^^S BufBciently accurate for 

attnbSd to ^he^vihXn?JeV^i7® 

and exnansmn nf tb^ ns set up by the sudden heating 
The d^Stnr.« ^ 1 Patlt Of the lightning 

by the interval flash may be roughly estimated 

hLrmg thr th?nif 

second! ±or every five 

what^littirdmtMernf^®a“^ common experience at 

- 

distance of audibd!/^ set a limit of twelve miles to the 

that sounds from the tvith balloonists 

ground than sounds frn-m easily audible on the 

mountains that s^nni^o -p ^ experience on 

upwards thin sounds^from“i?®^°T easily audible 

considemtTon 1! ^^ <i°^“wards , the second 

discontmmtfes in thi g^eat 

the distortion of the rfva ?f 

-^--— ^l^ ^ys ot sound, whi ch partly accounts 

elapsed^ occasion on whici not less two mmutea 
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for tlie smaller audibility of sounds from below, is much 
exaggerated on the occasion of a thunderstorm 

Thunderstorm ^ — In the Biitish Isles, except at the 
stations on the Atlantic Coasts, well develope<i thunder- 
storms occurmost frequently in the summer, and especially 
during the afternoon The barometric distuibances with 
which they are associated are generally too limited m area 
to be called cyclones, but like cj clones they frequently 
move towards the East They are nearly always accom- 
panied by heavy ram, which is sometimes preceded by a 
squall that blows outward from the advancing storm, 
while the barometer rises suddenly and then remains 
comparatively steady The squall brings with it cool air 
See Line squall. 

Lightning is seen, and thunder heard, before the arrival 
of the storm itself, but the (lashes are generally most 
brilliant during the heavy ram The thunder then 
follows the flashes after a very short interval, showing 
that the discharge has taken place at no great distance 

The thunder-cloud seems to be an extreme develop- 
ment of the cumulus cloud, in which the ascending 
cun ents have reached to a considerable height and spread 
outwards at the top In consequence they often have the 
shape ot an anvil The thunder type of cumulus has a 
rounded summit, with a clearly dehned border. Obser- 
vations of the time and place of occurrence of thunder- 
storms show that they are generally long and comparatively 
narrow, and move broadside across the country The 
precise conditions that lead to their formation are not 
understood In some parts of the tropics thunderstorms 

are frequent and very violent 

* See phSographs under Clouds and Mammato Cumulus. 
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Immunity from Thunderstorms in various parts 

EXTENDING- MAINLY OVER THE 25 YEARS 


Table of “ odds against one ”, expressing the landom chance 


xi \ 

si 

1 

Q 

g H 

O 

OQ 

Station 

f Snmburgh Hd (Island) 

1 Deerness (Island) 

1 Stornoway (Island) 

1 Wick (E Coast) 

L Fort Augnstns (Inland) 

Spring 

767 

135 

192 

no 

108 

Summer 



Autumn j Winter 

164 

30 

77 

30 

56 

569 

57 

134 

103 

60b 

450 

08 

102 

225 

225 

f Nairn (N E Coast) 
Aberdeen (E Coast) 
Braemar (Inland) 
Dundee (E Coast) 

L Leith (E Coast) 

192 

135 

74 

55 

115 

32 

20 

25 

15 

23 

28^ 

142 

162 

84 

228 

1,120 

1,120 

281 

750 

375 

West 

f Landale (W Coa^^t) 

1 Rothesay (Island) 

I Glasgow (W Coast) 

1 Pinmore 

(Douglas (Isle of Man) 

34 

44 

68 

92 

53 

24 

3 S 

26 

45 

24 

1 39 

71 

162 

97 

49 

33 

80 

204 

118 

250 

f Malm Hd (N Coast) 

1 Blacksod Pt (W Coast) 
i Markree Castle (Inland) 

^ 1 Armagh (Inland) 

2 IDonaghadee (E Coast) 

92 

109 

72 

97 

115 

36 

58 

32 

25 

46 

120 

152 

175 

50s 

WS 

134 

73 

78 

391 

1,120 


r Dublin (E Coast) 
Valencia (S W Coast) 

L Roche’s Pt (S Coast) 

61 

92 

82 

18 

60 

43 

99 

78 

108 

250 

750 

150 

X ^ B 

353 

o ft S 

i / Scilly (St Mary’s) 

1 (Jersey (St Aubin’s) 

82 

36 

42 

16 

f 

65 

28 

68 

58 



Ekglakd Midland England 

S W I N W I S Fi Counties E j N E 
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oi’ THE Uhitbd Kingdom as shown by obsbevations 
1881-1905 (COMPILED BY P J Bbodib) 

of a tBundei storm on any day in the several seasons of the year 


Station 

Spring 

Summer 

Autumn 

Winter 

rN Shields (E Coast) 

74 

20 

95 

375 

1 Durham (Inland) 

27 

10 

79 

562 

1 York (Inland) 

27 

13 

81 

2,250 

1 Spurn Hd (E Coast) 

32 

II 

(32 

375 

f Hillingdon (Inland) 

21 

8 

37 

205 

1 Yarihouth (E Coast) 

45 

13 

87 

562 

j Norwich (Inland) 

19 

9 

40 

209 

1 , Cambridge (Inland) 

27 

10 

47 

75 ° 

( Worksop 

27 

10 

61 

225 

Cheadle 

17 

8 

25 

125 

Churchstoke 

36 

15 

76 

220 

Loughborough 

31 

II 

65 

1,000 

Cheltenham 

29 

14 

87 

161 

^ Oxford 

40 

14 

63 

750 

f London (Brixton) 

25 

ir 

53 

225 

Margate (E Coast) 

55 

20 

103 

1,120 

■1 Dungeness (S Coast) 

53 

17 

51 

563 

1 Southampton (Inland) 

45 

17 

58 

325 

L Hurst Castle (S Coast) 

74 

29 

76 

322 

r Aysgarth (Inland) 

27 

13 

39 

237 

Stonyhurst (Inland) 

23 

10 

27 

94 

J Liverpool (W Coast) 

74 

27 

1 14 

321 

Llandudno (W Coast) 

68 

29 

60 

141 

LHolyhead(W Coast) 

72 

30 

69 

374 

( Pembroke (W Coast) 

209 

92 

95 

562 

< Falmouth (S W Coast) 

177 

56 

73 

150 

( Oullompton (Inland) 

72 

30 

108 

150 
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EXTENDING MAINLY OVER THE 25 YEARS 
against one ”, expressing the random chaiioi 


Station 

Spring 

i 

1 Summer 

Autumn 

Winter 

•sj 

"J 

' Sumburgb Hd (Island) 
Deerness (Island) 
Stornoway (Island) 

Wick (E Coast) 

..Fort Angnstus (Inland) 

767 

135 

192 

no 

108 

164 

30 

77 

30 

56 

569 

57 

134 

103 

606 

450 

68 

102 

225 

225 

p 1 

3 « 1 
a 3 \ 

g H 1 

0 

01 * 

" Nairn (ISr B Coast) 
Aberdeen (E Coast) 
Biaemar (Inland) 
Dundee (E Coast) 

^ Leith. (E Coast) 

192 

135 

74 

55 

115 

32 

20 

25 

15 

23 

284 

142 

162 

84 

228 

1,120 

I,X20 

281 

750 

375 

West 

'' Landale (W Coa'^t) 
Rothesay (Island) 
G-lasgow (W Coast) 
Pinmore 

1 Douglas (Isle of Man) 

34 

44 

68 

93 

53 

24 

33 

26 

45 

24 

39 

71 

162 

97 

49 

33 

80 

204 

1 18 
250 

§ — 

f Malm Hd (N Coast) 
Blacksod Pt (W Coast) 

( Markiee Castle (Inland) 
Armagh (Inland) 
iDonaghadee (B Coast) 

92 

109 

72 

97 

115 

36 

58 

32 

35 

46 

120 

152 

175 

505 

175 

134 

73 

78 

391 

1,120 

Ph 

M 

02 ■ 

r Dublin (E Coast) 

1 Valencia (S W Coast) 
i. Roche’s Pt (S Coast) 

61 

92 

82 

18 

60 

43 

99 

78 

108 

250 

750 

150 

^ § {23 / SciUy (Sti Mary’s) 

1 Jersey (St Aubin’s) 

o tq « 

82 

36 

42 

16 

6s 

28 

68 

58 
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OF THE United Kingdom as shown by observations 
1881-1905 (compiled by F J Brodie) 

of a tTniiiderstorixi on any day in tlie several seasons of the year 


Station 


N Shields (B Coast) 
Durham (Inland) 
York (Inland) 

Spurn Hd (E Coast) 


Spring 


74 

27 

27 

32 


r Hillingdon (Inland) 
J Yarihouth (E Coast) 
1 Norwich (Inland) 

I, Cambridge (Inland) 


(Worksop 
Cheadle 
Church stoke 
Loughborough 
Cheltenham 
Oxford 


f London (Bnxton) 
Margate (E Coast) 

•< Dungeness (S Coast) 

^ I Southampton (Inland) 
(Hurst Castle (S Coast) 


p — 
§ ^ 


Aysgarth (Inland) 
Stonyhurst (Inland) 
Liverpool (W Coast) 

I Llandudno (W Coast) 
(Holyhead (W Coast) 


( Pembroke (W Coast) 

^ < Falmouth (S W Coast) 
^ ( Cullompton (Inland) 


21 

45 

19 

27 


27 

17 

36 

31 

29 

40 


35 

55 

53 

45 

74 


27 

33 

74 

68 

72 


209 

177 

72 


Summer 

A.utumn 

Wmter 

20 

95 

375 

10 

79 

562 

13 

81 

2,250 

II 

62 

375 

8 

37 

205 

13 

87 

563 

9 

40 

209 

10 

47 

7SO 

10 

61 

225 

8 

25 

125 

15 

76 

220 

II 

65 

1,000 

14 

87 

161 

14 

63 

750 

II 

53 

225 

20 

103 

1,120 

17 

51 

563 

17 

58 

225 

29 

76 

332 

13 

39 

237 

10 

i 37 

1 94 

37 

i 1 14 

321 

29 

60 

I4I 

30 

69 

374 

93 

95 

^2 

56 

73 


30 

108 

IS> 
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Time — For all common purposes Greenwich mean 
cml time is now used in all places in Gieat Britain, 
except at Caiiterbuiy, and clocks are set by telegraphic 
signal from Greenwich Previously, each town oi village 
clock kept its own local mean time and had to be set by 
the local time keeper, usually the parson, with the aid of 
a sundial or some other means of ascertaining the time 
from the sun In Ireland clocks are set according to 
Dublin time, which is 25 minutes after Greenwich time 
In meteorology the hours of the civil day are numbered 
from 1 to 24, the counting beginning fiom midnight 
Thus the hours of observation for telegraphic reporting 
are, Ih , 7h., 13h , 18h , with a subsidiary observation at 
21h ^ Meteorologists aie closely interested in good time- 
keeping, because punctuality is of importance, both with 
climatological observations and with those that are made 
for the maps used in forecasting For the former local 
time, and for the latter Greenwich time is taken as the 
standard The records of self-recording instruments, 
when the sheet is changed once a week, are for many 
purposes useless unless marks are made on the trace at 
definite times, so as to allow foi irregularities in the 
running from day to day See STANDARD Time 

Tornado — A short lived, but very violent wind In 
West Africa the tornado is the squall which accompanies 
a tbunderstoim , it blows outward from the front of the 
storm at about the time the ram commences, and in all 
parts of the world similar squalls occur, associated with 
thunder It is also the name applied to small but very 

*■ In 1916 “ Snnimer Time,” one hour in advance of G-reenwich Time, 
was used m the TJnited Kingdom from May 21st to September dOth, 
m 1917 from April 8th to September 17th , between the limiting dates 
(September 30th, 1916, and April 8th, 1917), G M T was used in Ireland 
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■violent whirlwinds of one or two hundred yards diameter. 
These whirlwinds often do immense damage in the 
United States, where they are known as cyclones, 
completely destroying every tree and building m their 
track They are not unknown in England, but are less 
frequent and less violent than in North America 

Torricelli, Evangelista —The inventor of the 
barometer, born at Piancaidoii in 1608 At the age of 20 
he went to Rome to study mathematics In 1611 
Galileo, and remained with him as his amanuensis till tne 
death of Galileo three months later Torricelli then 
became piofessor to the Florentine Academy , he live in 
Florence till his death in 1647 Torricelli explained the 
tact, already known, that water will only rise about direct 
m the pipe of a suet j on pump , he argued that if this was 

due to the pressure of the 

mercury that would be supported would be a little 

2^ feet, since mercury is 13^ times as heavy as water. He 

performed the experiment that conhrmed his 

also enunciated various fundamental principles in y 

dynamics 

Trade Winds — The word “ trade ” in this expression 
„ S to “ttiok” and trade made 
keep to a fixed track We naturally ton °| 

subtropical regions for track ^mds ^k® 
on the margin of the ice in the Antarctic is 

b.. r »d“S''Sad.^ 

Ttif iSaSc Oc^ 

Meteorological Ofhee, M.O 303, on t are 

Atlantic Ocean the areas selected for between 

for the North East Tmde 10° N id 
30° W long and the West Coast of Africa, 
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Soutli East Trade the two pairs of ten-degree squaies 
0° to 20" S , 0° to 10^ W and 10° to 30° S , 0° to 10° E 
The Canary Islands and Cape Veide Islands come mthe 
region selected for the North East Tiade, and St Helena 
m that selected for the South East Trade. At St Helena 
there is a self-recording anemometer at a point l,9b0 feet 
above sea level, which is maintained for the Meteorological 
Office. 

The coast of Africa disturbs the legulaiity of the North 
East Trade in the Eastern pait of the area selected, but 
the monthly results foi the whole area give a wind with 
a mean diiection for the whole year of N 30° E , vai;^ing 
between N 18° E in May and N 48° E m January, and 
a mean velocity tor the whole year of 10 6 miles per houi 
(4 7 m/s), vaiying from 7 4 miles per hour (»3 3 m/s) in 
October to 13 5 miles pei hour (6 m/s) in April The 
South East Trade shows a mean direction for the year of 
S 38° E , varying from S 35° E m Fehruaiy and October 
to S 41° E in August and November, and a mean velocitv 
of 14 2 miles pei hour (6 4 m/s) varying from 13 1 miles 
per hour (5 9 m/s) m Januaiy to 15 miles pei hour 
(6*7 m/s) in April, June and August. Thus, the North 
East Trade shows more variation in direction than the 
South East, and its velocity exhibits a marked seasonal 
variation, with a maximum in April and a minimum m 
Octobei, which has no counterpart in the South East 
These are taken from observations made by ships at sea, 
the velocities being determined by a scale of equivalents 
of Beaufort estimates ” See BeatjI’ORT Scale When 
the measures of the direction and velocity at St Helena 
are taken they show the monthly values oscillating about 
S 40° E , from S 35° E m October to S 42° E in April, 
and a very maa?ked seasonal change of velocity from 
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13 miles per hour (5 8 m/s) in May to 20 miles per hour 
(8 9 m/s) in September This is very nearly the counter- 
part of the seasonal variation of the Noith. East Trade 
The mean o£ the velocities of the two “trades” works out 
at about 11 '6 miles pei hour (5 2 m/s) throughout the 
year. The flow which is represented by these winds 
compiises two streams about 1,000 miles wide, the courses 
of w^-hich are kept steadily from N E or from S E for 
about 2,000 miles These steady currents carry an enor- 
mous amount of air Taking the run at 300 miles per 
day ovei a thousand mile front the flow for a thickness 
of 1 mile would be 300,000 cubic miles a day , it would 
dake rather less than 10 years for the whole of the 
atmosphere to pass through , if it be two miles thick the 
circulation would be complete in five years And on 
the same assumption, the two trades acting together — yet 
they use only one-twentieth pait of the belt of the earth’s 
surface available for approaching the equator from Nortli 
and South — would deliver the equivalent of the whole of 
the atmosphere in the course of about two and a half 
years 

So fai, we have considered only the trade winds of the 
Atlantic Ocean between the African and American cou>ste 
Similar winds under similar conditions exist to the West- 
ward of the American coast where, it may be remarked, 
the coast line bends away, for a 1,000 miles or more, 
to the Westward after crossing the equator 
Southward, very much in the same way as the Ainc^ 
coast line does, so that the North-East Trade wind of the 
Eastern Pacific lies to the West of, and not oppcmite to, ife 
South-East partner, 3ust as in the Atlantic. These are 
the only regions where the recognised characten^M oi 
the Trade winds are well marked In the Indian Ckmn 
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they are replaced by the Monsoon winds, which aie con- 
tinued across the equator from the Noith Basl; m the 
winter and from the South Fast in the summer, when 
the air current from the south is cairied foiwaid as 
a South-West monsoon over India A soggostion of 
Trade” conditions appears in the Western Pacihc to the 
North East of Australia, but it is less well marked than 
in the Atlantic and Eastern Pacific 
It should be noted that in the West Indian region in 
June the wind varies from Korth East to South East, 
and the same is true off the coast of ti opual South 
America in December Locally it is still known as the 
Trade wind although it may be blowing fiorn the South 
East, away from the equator 
The explanation of the origin of the Trade winds \\hich 
IS given m all books on Physical Geography is due 
originally to Edmund Halley, a personal tnend of 
Newton’s, secretary of the Royal Society, and subse- 
quently Astronomer Royal at the beginning of the 
eighteenth century It attributes the flow ot air south- 
ward and northward on either side of the line to the 
replacement ot air which has been heated by the >^arinth 
of the equatorial belt, and has, in consequence, ascended 
to the upper air and passed away John Hadley, also a 
personal friend of Newton’s, associated with him in the 
invention of the sextant, explained the easterly com- 
ponent by bringing the rotation of the eaith into account 
Whatever real ground there may be for a flow ot air 
towards a belt of high temperature along the equator on 
the ground of local heating, it appears clear from the 
maps that the great arterial currents which we have 
described, and which are commonly understood as Trade 
winds, are really parts of the general circulation of the 
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Atmosphere, governed by the distribution of pressure A 
map of the distribution of pressure and winds over be 
globe, such, as that tor Janaaiy m the Barometer Manual 
for tbe Use of Seamen (M 0 publmation No 61) shows 
tbat there are two belts of high pressure on either side of 
the equator, about latitude dO® N and 30° S respectively 
These belts are not coutinnous but form a succes-ion of 
antioycloinc areas, each with its appropriate circulation 
The southern hemisphere pr sents the ■>impler arrange- 
ment, because the land areas which cause disturbance of 
the order are less extensive Along the parallel of 30 S 
latitude we have anticyclomc areas with centies, (1) at 
100° W , 30° west of South Amenta, (2) at 10° W , nearly 
mid. way between South Africa and South America, 
(3) a system with double centre between the Cape and 
Australia, which extends along the Southern shore of 
Australia and develops a secondary centre jbere ine 
I’egularity oi the distribution is thus much distoited by 
the Australian continent The channels of 
between the anticyclomc areas are breaches m the belt ot 
high pressure through which the great arterial current 
of the trade winds flow over the Eastern Atlantic and 
Eastern Pacific And these great currents are m r^lity 
features of a circulation round the ® v 

high pressure There seems ^ 

alternative for the distribution thus described. Ha^y s 
explanation of the trade winds supposes a 
area over the equatorial belt, ^ 

the convection of the rising an, and continu^y f ^ by 
flow of air from a belt of higher Pf 
So tbat the flow of air is thought of as ^ 
to low pressure Whatever may be the actual state oi 

ld20t 
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things close to the eqna tonal belt, the artenal ciinents 
of the trade' winds aie clearly shown by the map to be 
great . treams of an with 2,000 miles of run, and with 
high pifssure on the one side and low pressure on the 
f>tht r, such as we ma^ find in all cases of well established 
air currents ow r the eaiths surface, whether they last 
only I or a few hours, a few da\s, as in the mtei mediate 
anil polar legions, or the whole yeai, as in the legions of 
the tiade winds 

If we cross the great currents from west to east we 
die t avelling towards lowei piessure , from east to west 
towarcU higher pressure Obviously, we cannot continue 
ihis 1)1 oct faS all round the globe, and going westward we 
bt e that the pressure soon gets to a maximum and then 
t ills ofi again, and the falling off is associated with a 
ch mge 111 the direction of the cnirent from south-east 
to east Oi north-eaht, or from north-east to east and 
south-east The WIND ROSiiS show that the western 
bounclar} of the high pressure is a fluctuating boundary, 
not a fixed one Going Eastwaid we are brought up by 
tht gnat land areas of Africa, where our knowledge of 
the distribution of piessuie is little more than guessing 
trom a few isolated stations which are affected by the 
uncertainties of REDUCiION TO SBA-LEVBL But furthei 
in-vefoTigation must lead to a distribution which corre- 
sponds with a low pressure at sea-level That these great 
currents are really part of a gieat circulation which is 
goverued by the distribution ot pressure may be illustiated 
by comparing with the steadiness of the winds al St 
Helena* (lat 16° S , long 5° 42 W ), the following table 
ot the wunds at Suva, Fiji, which is in latitude 
18° S , long 178°26 h ^ 

* See Tia^e WmdH oj the Atlantw Oaean^ M 0 pubhoanon 
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Table op Wind direction at 9 am at Suva, 
Fiji, in 1911 


— 1 N 

1 

NE 

E 

SE 

S 

SW 

w 

y wj 

Calm 

Januaiy 

6 

3 

I 

5 

— 

4 ' 

— 

— 

12 

t) 

Eobiuaiy ' 

Maich 1 

4 

4 

5 

C 

I 

I 

5 

2 

2 

2 

2 

— 

3 

13 

Apiil i 

7 

12 

I 


' — 


I 

4 

3 

I 

May 1 

J uno 

July 

2 

3 

1 

13 

6 

5 

0 

3 

3 

2 

I 

4 

I 

I 

I 

1 I ! 

I 

5 

* 4 

i 4 

10 

11 

7 

\ugust 

1 

1 

4 

5 


1 2 

1 2 

t T 

2 


September 

2 

10 

8 

3 


1 3 

2 



3 

Ootobei 

November 

Deeembei 

1 

9 

1 

! i6 

1 

7 

6 

9 

4 

3 

2 

3 

I 

I 

— 

j I 

4 

Yeai 

i 

104 

50 

37 

8 

1 

4 

j 26 

74 


r ixs 


simiiax ^ 

We mtiBl. theiefoje, ‘I? ™fj“ S^Th. 

streams of air in the greater part of the 

intertropical region is supplied ^ equatorial 

supply tarns eastward and 8®^® Jestern boundaries of 

again by passing go to feed 

the ^‘itt-cyclonic regions Som p fraction of the 

the lain storms of the Jtoldrnrns, ^ 
whole supply is so used is not known. 

ii TTon^xr’fl theory of the traa© winu» 
The extension of Halleys tneoiy ^ 
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provides that tlie an aftei ascending m the equatorial region 
should flow back again away from th e equatoi ,and on account 
of the rotation of the eaith the noithward flow should be 
diverted towards the east, and thus become a south-west 
wind Accordingly, south-west and noith-west winds 
are to be expected above the north-east and south-east 
trades Two thousand miles is a long way foi the air to 
tiavel with no more diversion than 45° from the path of 
its desire when the rotation is taking place at the rate of 
15 sin X degrees per hour unless the distribution of pi as- 
sure interferes, but the theory seems to be conhrmed by 
an observation made in 1856, by Piazzi-Smyth (then 
Astionomer Royal for Scotland) of a south-west wind 
at the top of the peak of Tenerife, 12,500 feet high, over 
the north-east trade flowing below The ti ansition is at 
about 10,000 feet, and the existence of a south-westerly 
current over the north-east trade ovei the ocean was 
verified by balloon observations by Teissereric de Bort, 
although the question was the subject of some discussion 
at the time 

If, however, we regard the surface winds of the trades 
as part of ^the general circulation of the atmosphere con- 
trolled by pressure, we cannot do otheiwise in the case of 
the upper currents, consequently we ought to find our 
explanation of the south-westerly current over the north- 
east trade as evidence of low piessiire ovei the central 
region of the Atlantic north and south of the equator, 
and high piessure over the African land adjoining, giving 
rise to a gradient foi equatorial winds up above, or tor 
polar winds below We should then have to conclude 
that the high pressfire belts of the tiopics are le versed in 
the upper regions, a conclusion that cariies with it some 
consequences which at first sight are not easily disclosed of 
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The tiade wmdB have an mteiest tor meteoiologiBts 
quite independent of then geographical interest ^ 
their place in the general circulation ihey aie a soi 
Idboratoiy m which one can study the propeities o t a 
great cuirent of air ot known temperature and humi i y 
flowing steadily ovei the surface of the sea and airec 
by the tuibulent motion caused by the suiface 

Professor Piazzi-Smyth, spent pait of July, August and 
l>ait ot September, 1856, in the mam 
east trade at Tenerife at a height of 8,900 feet or more 
He found the an remarkably diy, while below him at 
a height of about 5,000 feet he could see the long strings 
ot cumulus clouds that are characteristic of the trade 
wind forming a level hoiizontal layer upon w ic i 
seemed that one might walk to the neighbouring 
Islands it it were not for a gap between the cloud sheet 
and the cloud actually in contact with the mountain, 
which was some 1,000 feet below the tode wind cloud 
The wind at 8,900 feet was generally light Oirrocnmulus 
clouds, moving trom south-west, (, 

in the sky above at a height estimated at 15,000 t 
Occasionally the noith-easterly wind got ^ 

foice at the high level, and on other occasions J md 

blew stiongly from the south-west there T e i 
diate region between the noith-east trade and the ^nth- 
west counter tiade was found to be 
of light winds, while the trade wind clouds were formed 
at the middle height of the tiade 

It would appear, therefore, that we have “ 
the trade wind, an analogy, but on a ^ 

separation of the troposphere from 

IS universal The boundary between the two is the limit 
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of convection liom tke surface In the trade winds the 
boundary of convection is marked by the layer of clouds, 
above that level the moist air does not penetrate The 
uniformity of level suggests that the limit is depen- 
dent upon the turbulent motion due to the eddies caused 
by the friction at the surface, the effect of which extends 
upwai ds to a height which depends upon the length of 
the “fetch” 'J'he convection is therefore in this case 
partly dynamical, and it is curious that the clouds formed 
are often spoken of as rollers 

Piazzi-Smyth speaks of summer and winter conditions 
as though he were dealing with a climate of temperate 
latitudes instead of a region to the south of the line of 
tropical high pressure 

The observations 0 1 St Helena, which are made at about 
2,000 feet above sea level in the south-east trade, show 
persistent south-easterly winds, with a mean humidity 
for the years of 89 per cent , ranging from 88 in January 
to 91 in March, and the normal amount of cloud works 
out at 8 5 (on the scale 0-10, oi 85 per cent) for the 
year The mean temperature reaches a maximum of 
291 9a, 66 1°F , in March, and a minimum of 287 la, 
57 3 F , in September, and the rainfall has a normal 
maximum of 131 mm in March, and a minimum 
of 40 mm in November Hence, theie is a definite 
seasonal vaiiation, but it lags behind the corresponding 
changes in higher latitudes of the same hemispheic 

Trajectory — The path traced out by a definite particle 
of air in a trdvelling storm, or the hoiizontal projection 
of the course followed by a pilot balloon the trajectory, 
as worked out from theodolite readings, may be plotted 
on squared paper, and the direction and velocity of the 
wind at any given height deduced theiefrom 
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Tramontana —An Jtahan word tor the noitherly 
Winds of Italy which, blow from the mountains 

Transparency. — The capacity foi allowing rays of 
light or some other form of radiation to pass ihus glass 
IS tiansparent for the visible radiation of light I^ck- 
salt IS specially transparent for the lays of radiant heat 
See Visibility 


TropiC.-^One or other of the circles of of latitude 
north and south of the equator, which represent the 
furthest position reached by the sun in sumrner and 
winter in consequence of the tilting of the earths axis 
with reference to the xilane of the ecliptic The term 
applies also to the zone of the earth lying between them 
The northern circle is called the tropic of Cancer, tie 
southern the tropic of Capricorn 


Tropical — Belonging, to the regions of the tropics, oi 
similar to what is expeiienced there The word tropica 
is oiten used for the legion between the tropics, whicn is 
more strictly called intertropicaL 

Tropopause —The lowei limit of the steatosphebb 
Troposphere —A term suggested by Teisserenc de Bort 
for the lower layers of the atmospheie The temperature 
falls with increasing altitude up to a 
TBMPBBATURB GRADIENT), and the part of the atmosp 
m which this fall occurs is called the troposphere in 
these latitudes (50°) it extends from ihe ^ 

thickness of some 7 miles, or 11 kilometres, m the tropics 
the thickness may reach 10 miles, or 16 kilometr 

Trouffh —The period of lowest barometer during the 
passage of a depression Taking the 
barometer to be analogous to the fluctuations of level 
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caused by waves, which is, however, not a veiy good 
analogy, the trough of the W 9 ,ve suggests as its counter- 
part the lowest reading of the barometer With the 
barometer the passage of the trough is generally marked 
by phenomena of the type of a line squall, a sudden 
rise of pressure, veer ot wind, drop of tempeiature. and one 
or more squalls , nothing of that kind takes place in the 
trough of a wave. 

Twilight —See p 344 

Twilight Arch — On a clear evening after sunset a 
dark arch with a pink edge may be seen to rise from the 
eastern hoiizon , the distinction between the darkness 
below the aich and the brighter sky above it becomes 
rapidly less as the arch rises in the sky The dark space is 
really the shadow of the eaith. In mountainous countries 
shadows cast by mountains between the sun and the 
observer may be seen to rise from the twilight aich 
The pink edge of the arch is due to reflection from 
particles in the atmosphere which are illuminated by rays 
of the sun that have lost nearly all their blue light from 
lateral scattering (see Blue op the Sky) 

Type. — Difterent distributions of atmospheric pressuio 
are characterised by more or less definite kinds of weather, 
and accordingly when a certain form of distribution is 
seen on a chart the weathei is described as belonging to 
such and such a type The types are defined as cyclonic, 
anti-cyclonic and indefinite, and by terms denoting the 
direction of the isobars Thus, a “southerly type” denotes 
a weather chart on which the isobars are shown as more or 
less parallel lines running north and south A northerly 
type will also have isobars running north and south , the 
distinction will be that in the southerly type barometric 
pleasure will be high m the east^ whereas in the northerly 



type the higher pressure "Will he in the ■west 

Thus, the anti-cyclonic type will have dry 

cyclonic wet , the southerly type will m general be warm, 

the northerly cold 

Typlioon -A word of Chinese origin applied to the 
tiopical cyclones occurring m the western , 

Japan and the Philippine Islands They are extremely 
violent circular storms of 50 to 100 miles diameter and 

travel slowly Exactly similar storms aie known a 

hurricanes in the West Indies, and as S 

of Bengal The hurricanes of Mauritius aie also simila 

to typhoons See HURBIOANB 

U-Dbank thaw —A state of affairs in which the usual 
♦all S tempemture with height is 
increase of temperature occurring on 
times many hours before a similar chang 

'“n m'^'durto the superimposition of a ™ 
blowing from a direction differing foom that o^ the 
surface wind, and occurs most usually at the bmJr up 
of a frost, on the approach of a 
sometimes during the preYalence of m ^ 
ditions, when a down-current of ai -rZ ^ ^jj^gge 
heated in its descent from a great q- . 

conditions, at 9 am on F®'>r’iary 19th 189^ at^ the ena 

of a gieat frost, the temper atuie a William, 

Nevis was 9 8a , 17° 6 F higher than at Fort William, 

4,400 feet belo-w , .x » twvvusion of the normal 

teipe»tr“d.,;“.Te S™ 0. th. 
known as glazed EBOST (qv) 
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V-shaped depression.—Used to describe isobats * 
having the shape of the letter V, which enclose an aiea 
of low pressure The point of the V is always towards 
the south 01 east 

Vapour-pressure — The piessure exeited by a 
vapour when it is m a confined space In meteoiology 
vapour-pressure refers exclusively to the pressure of 
water-vapour When seveial gases or vapours aie mixed 
together in the same space each one exerts the same 
pressure as it would if the others were not piesent, and 
the vapour-piessure is that part of the whole atmospheric 
pressure which is due to watei-vapoui See AQUEOUS 
VAPOUR, RELATIVE HUMIDITY 

Vapour-tension. — A now obsolete teim toi vapoui- 
pressure There seems now to be no reason why this should 
he called tension * 

Vector — A straight line di awn from a definite point 
in a definite direction Thus a radius vectoi of the earth 
in its orbit is the line di*awn from the sun to the earth A 
vector quantity is a quantity which has a direction, as well 
as magnitude, and of which the full details are not known 
unless the direction is known In meteorology the wind 
and the motion of the clouds are examples of vector 
quantities, the diiections, as well as the magnitudes, are 
required, whereas in the case of the barometer or the 
temperatuie the figures expressing magnitude tell us 
everything They are called scalai quantities All vectors 
obey the parallelogram law That is to say, that any 
vector A may be exactly replaced by any two vectors 
B and C, provided that B and C are ad]acent sides of any 
parallelogram, and A the diagonal through the point 
where B and C meet Also the converse holds 

The position of an airship a given time attei stari.ing is 
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au example Tfi.e two vector quantities that bring about 
the fanal result are the velocity and the diiection of the 
airship through the air, and the velocity and direction of 
the air, i e , the wind Suppose an airship pointing S W 
and with speed of 40 miles an houi After two hours 
its position on a calm day is 80 miles S W of the starting 
point Now suppose the airship has to move in a S wind 
of 30 miles an hour , after two hours this wind alone 
"would place the airship 60 miles N of the starting 
point The real position vail be given by drawing t-wo 
lines representing these velocities and finding the opposite 
corner of the parallelogram of which they form adjacent 
Bides See COMPONENT. 

Veering —The changing of the wind in the direction 
ot the motion of the hands of a watch The opposite to 


BACKING „ 

Velocity —Velocity IS the ratio of the sp^e pa^ 
over by the moving body to the time over 

expressed by the number of units 
m unit time, but in no other sense is it equal 
Tt can be expressed in a variety of units 
metres per second, kilome^s per ™bira 

hour are most common When a 
very short time is chosen in which to me^u - 

1)0 miles in that hour , , , , TR»U until the 

¥rom the time of its in l^it ^ 

final evaluation of the B^ufort ^ind 

custom of the Meteorological Offi® to ^ ^ , 

velocity by the cup anemograph which gave me 
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of an hour m miles Miles per hour were accordiBgly 
the accepted unit of velocity, but when it became certain 
that for anemometers of the standard size (9.in cups and 
2-ft arms) the “ factor ” was not 3 but 2 2, so that the 
miles were not really miles after all, some change of 
nomenclature was necessary to mark so gieat a change of 
habit pe pressure-tube anemograph gave the oppor- 
t^ity of measuring the velocity at any instant instead of 
the run during an hour a gust that lasts only part of a 
mimde is more appropriately measured by the distance 
which the wind travels in a second than by the distance 
which it might travel in an hour if it remained unchanged 
throughout the hour Moreover in all questions of 
dynamical calculation the second is the unit of time. 
Gunners use the foot per second as their unit The 
mette per second is more suitable for units on the 0 G S 

the 

Vernier,— A contrivance for estimating fi actions of a 
reading to the nearest whole 
dmsion is not sufficiently accurate The vernier is 

which IS ai ranged to slide 
ho^^s tnfVi^® mam scale of an instrument Informa- 
tion as to the giaduation of a vernier and the method of 
re^i^is given m The Observer’s Handbook 

direction of the force of gravity or of 
M because it refers to the 4rtes:, 
^ Ime is perpendicular to the 

surfece of stifl water, which is horizontal ^When produced 

Z to the centre 

plrMlef therefore never be 

^ I ba 4 together they are very 

nearly so A vertical plane at any point likewise passep 
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through the zenith and yery close to the centre of the earth. 
A vertical circle is a GREAT CIRCLE passing through the 
zenith and the nadir , and the vertical circle also passing 
through the east and west points is called the prime 


vertical 

Viscosity — The propel ty of a liquid or gas whereby it 
resists the tangential motion of its parts See DIEFLSION 
Visibility,— A teim used in describing the effect ot 
the atmospheie, and the amount of light m the sky, on 
the maximum distance at which an object can be seen, 
and the clearness with which its details can be made out 
The visibility of the atmosphere depends chiefly on the 
amount of solid or liquid parades held in suspension by 
the air On a cloudy day it is usually equally good in all 
directions, but on a sunny day the visibility is usually 
better, % e , objects can be seen more clearly, when looking 
away from the sun than when looking towards it 

In England the visibility of the atmosphere is usually 
bad towards the end of a spell of flne, calm weather ; but 
in these cases the occurrence of a shower ot ram 
frequently clears the air and gives rise to good visibili y. 
On the other hand during rainy weather the viHibility is 
frequently bad, even when it is not actually raining 
The visibility of objects on the ground, when l(^k^ a 
from an aeroplane, is sometimes bad even when toe 
visibility between two points on the gioundis good and 
the sky is cloudless This condition usually arises m 
calm, anti-cyclonic weather and is due to a layer of haze 
at a definite height above the ground 

The occurience of haze during fine di7 l 

frequently be connected with the carries 

town A light north-easterly wmd 

to a distance of 70 mdep south-west of London, On 
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one such occabion, it was Jound that at Fainboiougli, 35 
miles from London, the haze extended to a height of 7,000 
feet Above that height the atmosphere was perfectly cleai 
It frequently occurs that an aeroplane can be seen from 
the giound at a time when the ground cannot be seen 
from the aeroplane This condition arises when there is 
a low haze or mist which prevents a large pait of the sun’s 
raj s from reaching the ground The aeroplane itself ih 
brightly lighted by the direct rays of the sun, while the 
light leflected upwaids from the top of the haze towards 
the aeroplane oveipowers the feeble lays from the less 
biightly lighted giouod The effect is similai to that of 
a lace curtain ovei a window, which enables the occupants 
of a room to see out, while the interior cannot be seen 
from the outside. 


% Occasionally it happens that an aeroplane can see the 
ground while remaining invisible itself The condition 
arises only on sunny days, hut its cause is not undeistood 
The limit of visibility depends chiefly on the number 
of dust particles per cubic centimetie of the atmosphere 
An apparatus foi counting this number has been designed 
(see Dust-Counter), and used by Mr John Aitbon,F R S 
who has found as few as IG and as many as 7,000 dust- 
particles per cubic centimetie in the open country The 
distance of the furthest visible object was found to depend 
on the numbei of particles m the atmosphere, and on its 
^midity For a given depression of the wet-bulb 
thermometer, the limit of visibility multiplied by the 
number of particles per cc of air was found to be 
roughly constant This constant, however, increases as 
the air becomes drier 

'iwn depression of the wet bulb, therefore, the 
number of particles in a column Lsq cm in cross section 
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and stretching from the observer to the limit of visibility 
IS constant Mr Aitken’s estimates of its values tor 
different degrees of humidity are shown in the accom- 
panying table 

Depression of wet bulb Number of parmoles of dust 

to produce complete naze 


2“ to 4° 
4° to r 
r to 10' 


12 X 10« 

17 X 10^ 
22 X 109 


Vortex. — See p 347 

Water— The name used foi a large variety of sub- 
stances such as sea- water, rain-water, spring- wa to, ires 
water of which water, in the chemical sense, is the cnie 
ingredient Chemically pure water is a combination oi 
Hydrogen and Oxygen in the proportion by weight o on 
part to eight, or by volume, at the same pressure and te 
perature, of two to one, hut the capacity of 
solving or absorbing varying quantities of other substances, 
solid, liquid or gaseous, is so potent that the proper 
chemically pure water are known more by inference 
by practical experience They are in many 
lespects different from those of the water of prac ic 

The most characteristic property of ordinary wa^®^ ^ 
that we hnd it m all three of the molecular states , 

It in the solid state as ice, as a liquid, (over a 

range of temperature so well recognised as to j 

graduating thermometers), and as a gas Thus, ^ 

boiling are the common experience of 

the water of ordinary life, and yet it is ^ ^ 

what circumstances, if any, perfectly pure 

made to freeze or to boil. 
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Ordinary "water is a palatable beverag’e, and is a medium 
m which a variety of forms of vegetable and animal life 
can thrive, but pure water freed from dissolved gases is 
perfectly sterile and quite unpalatable 
Ordinary water has a mass of 1 giamme per cubic centi- 
metre (62 3 lbs per cubic foot) at 277a Sea- water contains 
dissolved salts to the extent of as much as 35 parts per 1000 
parts of water, and its density vanes from 1 01 to 1 05 g/oc 
Rain-water is the purest form of ordinary water, it 
contains only slight amounts of impurity in the form 
of ammonium salts derived from the atmosphere Spring- 
water contains varying amounts of salts dissolved from 
toe strata of soil or rock through which it has percolated. 
Ihe most common of these salts is caibonate of calcium, 
w^ch IS specially soluble in watei that is already aerated 
with carbonic acid gas , sulphates of calcium and othei 
earthy metals are also found, and sometimes a considerable 
quantity of magnesia These dissolved salts give the 
waters of certain springs a medicinal charactei In some 
districts underground water is impregnated with common 
rait and Its allied compounds to such an extent that it is 
no longer called water, but brine 

When impure water evaporates, the gas that nasses 
away consists of water alone, the’ salts, which arS noS 
’ ®™ilarly when water freezes in 

formed of pure water 
the salts remain behind in the solution so that exr er>+ fnr 
he slight amount of impurity due to m;chanicai pxSses 
p^e water cari be got from sea-water or any impSe wX 
either by distilling it, ox by freezing it ^ ’ 

Resides the solid constituents which give it a certain 
degree of what is called “hardness,” ordiXy wate? con 
tains also small quantities of gases in solution, preslmaWy 
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and carbonic acid When the watei 
ice consists of puie water, and the dissolved gases c 
io. crowds of small bubbles 

The thermal properties of water, in the state 
■^.ep^^sented by rain-water, are very lemarkable -opi 'x 

tTOxn. ordinary tempeiatnres, such as 2y0a (c^'o -y 
^rxd. going upwards in the scale, the water ^ 

’brilh, and part evaporates from the surface, until the boi s 

Yjoint IS reached, a temperature which depends upon 
'poressui e, as indicated on p 300 Then the water gi a ua > 
Boils away without any increase ot temperature, 
tlxe absorption of a great amount of heat Going 
'W'ai‘<is» the bulk of the water contracts i*=i 

temperature of 277a is reached (4°0,, 391 F) , 
kxiown as the teniperatuie of maximum density of < • 

From that point to the freezing point of water, there le ^ 
slight expansion of one eight-thousandth part, and 
act of fieezing there is a large expansion ^ 

to one-eleventh of the volume of water It ^ . 

consequence of this change of density in freezing _ 
ice floats in water with a one-eleventh of its volum P 
iectmg, if the ice is clean, solid ice, and the water o 
density of fresh water Salt water would cau^ fu it cl 
larger fraction to project, but floating ice carries i ^ 
considerable amount of air cavities and sometimes » load 
of earth so that the relation of the whole volume of atr 
ioebeig to the piojectmg fraction is not at all de ni • 
Water-atmosphere -A geneial term 
cate distribution ot water-vapour above 
The limitation which is imposed upon the 
water- vaponi m the atmosphere by the dep _ , 

tine pressure of saturation upon from 

distribution of water- vapour on a different fo 
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that ot the other gases The atmosphere is eniiched with 
water-Yapom by evaporation at the surface and it is 
distributed by the piocess oi CONVECTION, but that pro- 
cess does not extend beyond the troposphbrk, and the 
water-vapour beyond that limit must be attributed to the 
action of dijfusion Above the surface saturation is pro- 
duced only by the reduction of temperature on rarefaction 
caused by convection, so that we cannot expect CLOUDS 
to be formed beyond the range of convection Hence 
toi all the ordinary purposes of meteorology which are 
concerned with the foimation of clouds and other lorms 
ot piecipitation, the watei -atmosphere is limited by the 
boundaiy of the tropospheie 

Waterspout —The term used for the funnel-shaped 
tornado cloud when it occurs at sea 

Waterspouts are seen more frequently in the tropics 
than m higher latitudes Their formation appeals to 
follow a certain course From the lowei side of heavy 
Nimbus clouds a point like an inverted cone appears 
to descend slowly Beneath this point the suifate of the 
^ appears agitated, and a cloud ot vapoui or spray foims 
ihe point of cloud descends until it dips into the centre 
ot the cloud of spray, at the same time the spout 
a^umes the appearance ot a column of watei It may 

teet,and 

half® 10 minutes 

often observed to be 
velocity fiom its base until it 
ft oblique or bent form Its dissolution begins 
finally parts at about a thud of 
ts eight fiom the base and quickly disappeais Th<^ 

^ mrculal path roJ^d 
the vortex and, although very local, is often ot considei . 
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able violeuco, <i ronyli and c )uiused, but not 

high, sea 

Water-Vapour —Bee Aqoeous Vapoue 

Waves— Any regulai periodic oscillations, the most 
noticeable case being that of waves on the sea The three 
magnitudes that should be known about a wave are the 
amplitude, the wave length, and the period The ampli- 
tude is half the distance between the extremes ot the 
oscillations, in a sea wave it is half the vertical distance 
between the trough and crest, the wave length is the 
distance between two successive crests, and the period is 
the time-interval between two crests passing the same 
point In meteorological matters the wave is generally 
ati oscillation with regard to time, like the seasonal 
variation of temperature, and in such cases the wave 
length and the period become identical 

If a quantity varies so as to form a legular series of 
waves it IS usual to express it by a simple mathematical 
formula of the form y a sin(n^ + a) Full explanation 
cannot be given here, it must suffice to say that the 
method of expiessing periodic oscillations by one or 
more terms of the form a sin(n^ + a) is known as 

putting into a sme curve,” ‘‘putting into a Fourier 
senes,” or as “ harmonic analysis ” See p dll. 

Any periodic oscillations either of the an, water, 
temperature, or any other variable, recurring more or L^s 
regularly, may be referred to as waves Dunng the 
passage of sound waves the pressuie of the air at an^ 
Xioint alternately rises above and falls below its mean va ue 
at the time A. pure note is the result 
sort that are all similar, that is to say, 
amplitude and wave length. The amplitude is m 

this simple case as. the extent of the variation ftom the 


276 


Glouary 


mean, whale the wave length la the distance between 
successive maximum values The period is delitied as 
the time taken foi the piessuie to pass through the whole 
cycle of its variations and letum to its initial value 
Another good example of wave form is provided by the 
variations in the tempeiature of the air experienced in 
these latitudes on passing from winter to summei This 
IS not a simple wave foim because of the irregular 
fluctuations of temperature from day to day, and the 
amplitude of the annual wave cannot be determined until 
mese have been smoothed out by a mathematical process 
r ourier has shown that any irregular wave of this sort is 
equivalent to the sum of a number of regular waves of 
the same and shorter wave length In Ameiioa “heat 
waves and “cold waves” are spoken of. These are 
spells of hot and cold weather without anv definite 
duration, and do not lecur regulaily 
Waves of Explosions are among the causes which 
may produce a rapid variation of pressuie which begins 
with an increase, and is followed by a considerable de- 
crease The transmission is in the same mode as that of 
a wave of sound The damage done by a wave of ex- 
It , attributed to the low pressure which 
initial rise In the same way the destructive 
enect of wind is sometimes due to the reduction of 
pressure behind a structure resulting in the bulging 
the structure itself in its weaker parts^ ® 
technical classification of different 

Stion f "'r \l Beaufort 

detail in the Introdttclwn, p 10 

coSion^wiS^fu”^ proverb in 

rSes ® weather sometimes expressed in 

rnymes. The best are the saifors’ maxims which, at the 



Weather Mariin 


277 


Meteorological Office, whether rightly or wrongly, are 
associated with Admiral FitzRoy The relation with 
modern meteorology is often easily apparent 
First rise after low 
Foietells a stionger blow 

IS quite characteristic of the passage of the TROuaH of a 
depression 

If the wind backs against the snn 
Trust it not for back ic will run 

is appropriate for the anticipation of a cyclonic depression 

in the Northern Hemisphere 

Long foretold, long last, 

Sboit notice, soon past 

is also good meteorology in relation to travelling depres- 
sions. , , 

A nsefiil essay might be written on the sailor s maxim 
qnoied by Sir G. Nares — 

When the ram’s before the wind 
Your topsail halyards you must mind, 

But when the wind’s before the ram 
You may boist youi topsails up again 

Some of the land maxims also represent fair conclusions 

from experience 

If hoar frost come on mornings t ^ am 
The third day surely will have xam 

provides a lair indication ot the gradual tiansition from 
Easterly to Southerly weather 

A yellow sunset is regarded as a sign of stormy wea^_ 
Admiral FitaRoy’s version of the roa^im ’S A bricvl 

yellow sunset presages wind , » P®-'® ivm 

A volnminous collection of maxims ^d ‘ ^ 

been compiled by Mr Richard Inwards, a 
of the Royal Meteorological Society, under , 

“ WeatUer bore.” Admiral FitzRoy was perhaps tlu ]a r to 
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‘i proKnostxoB 

toTntrodiiip o* expenence, as lie was the irst 

W T TT, based on weather maps Protessor 

1 gmn^S.? wSh.;?™." 

.pmeSTrS!” “*.?■■ mtM .t 

not lend itsf^lf t 'wisdom of ancient saws does 

fha ^ itself to systematic presentation Variants of 

Sie™ mw‘r»v’T‘‘r‘ r^”" “O ““ A 
calfadT a ad ™th “1 ‘**5'“ “* ‘“‘® 

, V 7 ^^ With seasonal variations The Rt 
from spring drought refeience to the transition 

and the behaviour of birds^as^tfr*^ 

the pasi! and present not L natural consequence of 

future No dm-f^^.r controlling cause of the 

universe 7 uZuVJhS" "T®® Pl^TSical 

only possible seouel to tVp °wl’ 

futorto the preS Z 

..gm .u «X™»ay “‘[^ftad 

Hark I I kear the asses bray, 

We shall have some ram to-day 
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for our senses , but as a mattei of practice it is doubtful 
if any serious action was ever based on that intelligent 
expression of the emotions 

Wedge — Short for wedge of high pressure an exten- 
sion of a high pressuie region, more or less in the shape 
of a wedge, that separates two neighbouring areas of lower 
pressure See Plate XVI 

Weigllt — The force with which the earth attracts 
bodies near its surface In dynamics we distin^ish 
between the amount of material substance which a body 
contains, and the force with which gravity attracts it, but 
experiments made by Galileo long ago led ultimately o 
the conclusion that apart from the resistance of the an, 
all bodies, large or small, are similarly affected by gravity, 
so that every part of a composite mass is now re^mse 
as separately affected by gravity, the 
being simply proportional to the amonnt of m 
substance, irrespective of its particular nature B^im 
immersed in a fluid, as a balloon in air, may ^ 

apparently have less than no weight, 
place fluid, air in this case, which weighs more thm 
Ldies themselves It should be noted that 

weight of the heavier suriounding air that fornishes 

the driving foice for the ascent of the ^ 

Wet Bulb -An ordinary thermometer hav^ ^ 
bulb coated with mnahn that is kept mois 
tion cools the hiilb, and makes 
that of a similar plain thermome ei ^f® 

Whirlwind -A quite 

in which the air whirls round, a c , , heisM of 

Whiilwinds sometimes ,’^P7«M™?when formed 

many hundred feet, and cause dust storms when torm 

ovi^i a deseit 
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of the <in It appearfa cei tdin that 
he general winds of the earth are maintained by the 

snn'^bS diffeient parts of the earth by the 

X’on if which they arise, and the 

SoTTiA Inf /^^^^I'oution, IS not clearly tindei stood 
the w,nTiZ'“ ® explained, as, foi instance, 

S tbT lLf avalanche, 

®o^ breezes, but the problem of the 
general circulation is veiy much moie difiicnlt In the 

ffrfif nn^+ disturbing influence of the 

ii® general trend of the winds is as 
, ^ound the equator are light variable winds, 
fb^^-ru 20°-d0'’ north or south are to be found 

the TRADE WINDS, moderate in foice from the N E in the 

hemisphere 

further towards the poles in about latitude 40° and 50° 
there are winds Wowing chiefly from westerly points, but 
by no means steady They often reach the force of a gale 
^ W® co^PaJ-atively little is known 
fAiii and the trade winds on eithei 

movements of the sun, being furthest 
noith in oui summer, and furthest south in wintei 

■ib exhaustive analysis of the facts 
which have been collected concerning the force and 

ib® ^^® diagrams 

on PP 281-285 represent the rnonmiy frequency of winds 

Holiwif Deerness (for the northern Area), at 

A Yarmouth (for the East Coast) 

A diagram IS also given for the frequency of the wind in 

wmK fe fb ^^® avlrage duiation of 

The^real "^der GadE 

ihe real fact which these diagrams illustrate is that no 
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Monthly Average Wind Frequency at Holyhead 
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August 5eprember Ocrober Novemberl Decembpr 








Averag® Wind Fiequency m 

Note From an ^e tbueoretacal or 

ayerase the observed wmd of for^ « “ “ 

geostroptiic wind at vanons stetioM m Soilly, 6S per cent 

Tafencia^62^p. -t^ n p JUnt 
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exact scientific meaning can be attached to the conipaiisoii 
or measmements of wind when the obseiyations aie made 
close to the smface of the eaith It is certain that neai 
the ground or near buildings the velocity of the an is 
changing lapidly with height It has for example 
lecently been detei mined by special obseivations of wind 
quite neai the suiface that the velocity at 4 It. is from 
<S3 to 90 per cent of the velocity at h ft above ground 
according to the nature of the ground The velocity 
doubleFi itself, moie or less, within 500 meties , the actual 
ngure depends upon the time of day among othei things 
bo a measure of wind is as much dependent upon the 
exposure of the paiticulai ]Doint at which the obyeivation 
was taken as of the unrestricted flow of air in an unob- 
stracted position In recent ycais at the Meteorological 
Office we have found the wind computed fiom the isobars, 
the geostrophic wind, a much more satisfactory standard 
of lefeience than the anemometei readings'*' Fuithei 
mfoimation about wind is given undei the following 
headings Beaui^ort Scale, Eddy, Frictiok-, Gale, 
Gradient Wind, Gust, Isobars, Line Squall, Squall 
bee also references m the index to Tables on p 357 

Wind at the earth’s surface is subject to con sidei able 
diuinal variation, being greatest in the eaily afternoon 
and least before dawn (see Diurnal) at the tops of 
mountains and presumably at higher levels generally 
the reverse is the case, as the following tabular summary 
of the observations at the top of the Eiffel Tower (300 
metres high) clearly shows — 


^ Strictly speaking, in dealing with winds at a considerable height, 
we^shoiild employ the system ol isobais appiopnatc lo that partirnlai 
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■Winter— In meteorology the months of December, 
January, and Febrnarv Astronomically, winter com- 
mences on December 21&t, and ends on March 21st See 
Seasons 

Wireless Telegraphy has two types of application 
in meteorology, according as we deal with electromagnetic 
waves produced artificially or naturally The former is 
exemplified by the wireless weather-reports from vessels 
at sea, enaohng synoptic charts to be extended to ocean 
regions without the long delays otherwise involved, and 
by the distribution of meteorologictil information from 
high power stations The other application is in the 
rletection of distant thunderstoims Very eaily in the 
history of Wireless Telegiaphyit was found that lightning 
flashes emitted electromagnetic waves capable of affecting 
the detecting device then m use — the coherer A coherer 
may be made to actuate an electromagnet the armature of 
which carries a pen for recording on a revolving drum, so 
that every lightning flash within 200 miles or more may 
thus automatically record itself In the modern wireless 
receiver the electromagnetic waves set up by lightning 
cause clicks in the telephone It seems probable that 
a large proportion if not all of the irregular and trouble- 
some noises called atmospherics, strays, or X’s, which are 
formidable obstacles in long distance wireless telegraphy 
may be referred to distant lightning 

Zenith. — The point of the sky immediately “ over- 
bad, or in the vertical produced upwards , the opposite 
of nadvr, which is the point in the sky below one’s feet 
or m the vertical produced downward beyond the earth’s 
centre and out the other side. 
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Zodiac — Th.e series oE constellations m whicli the sun 
IS apparently placed in succession, on acwunt of the 
revolution of the earth lound the sun are cJled th® 
Signs of the Zodiac, and m older writings give thei 
names and symbols to the months, thus 


March is associated 
April 
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 


with Aries, the Ram 
„ Taurus, the Bull 

Gemini, the Heavenl y Twins 
” Cancer, the Ciab 
Leo, the Lion 
Virgo, the Virgin 
” Libra, the Scales 
Scorpio, the Scorpion 
” Sagittarius, the Archer 
’’ Capricoinus, the Goat 
” AqWius, the 'Wateicarrier 
” Pisces, the Fishes 


' Owing to precession, the 

the above constellations has altered a ^ a „_jj 
classical times The sun now enters Aries in April 

Zodiacal Light —A ^y^dmc the WesS 

which IS seen stretching along the Zodiac from tn 
horizon after the twilight «« sunset has faded. 
the Eastern horizon before the twilight ot^sunr^^^^ 
begun. In our latitudes lUs b ^ sunrise 

March after sunset, and in the absence of 

In the TROPICS It IS seen at all seasons^m^^ reflection of 
moonlight It is supposed ^ , g matter revolv- 

sunhght from countless ths orbit Its light is 

me round the sun inside the Lartn s ormi, 

usually fainter than that of the Milky J 


13204 
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SUPPLEMEHTABY ARPIOLBS 


’vapour has a very 
id g-e annual varutioii but a small dininal varrahnn 

amount of vapour present or 

pr!ssure atCpK 

aocomnjnvi^a +in in consulting the two 

tTtv 3 lespectively the quan- 

(/ew Obse^ vatryT'' Kichmoud 

quantity of aqueous 
vapour in the atmosphere m the hottest months Julv 

coldest mouths^ 

in ^ cebriiary The quaniity is slightly greater 

°o» of ““ ■“ “““”8 ioSb? bSfh" 

excess ot the afternoon maximum over mAt»ninfv 
mmimum represents only 6 or 7 perTen't ^o'^MhTmSf 

shows, the mean vapour-uressure 

MaS tton ,? ie'“*“>“ ■“ *'*» » IdllB moi“ 

mj-w quantity of vapour The 

=fn=aaf.‘t:r >■- 



EioHMOI^D (KlW Observatory) Average or Kormal Weight of aqueous 
vapour in grammes pei cubic metre for each of the 24 hours in the 

several months 




Richmosd (Kbw Observatoey) Pie&suie of aqueous vapoui in millibars 
at each hour of the day in the seveial months of the yeai 


(ilobi>a) y 



7 4i 7 3t 7 3 
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Accumulated Temperature —A teim used to de- 
sciib« the excess or defect of temperature in relation to a 
selected base-level, prevailing over a more oi less ex- 
tended period of time, e(/, a week, a month, oi even a 
year Accninulated tempeiatme is employed mainly in 
connection with agiicultnial statistics, and the base-level 
adopted in this and in most Continental countiies is a 
ieinpeiatuie of 279a, equivalent to 42°F , oi 10° above the 
ireezing point This ternperatme was suggested many 
years ago by Pi of A Candolle, an eminent Swiss 
physicist, as the level above w^hich the giowth of 
veget<ition commences and is maintained Tempeiatures 
above 42° may therefore be legaided as effective^ inas- 
much as they tend to the promotion of active plant- 
growth Temperatures below 42^ may be regarded as 
non effective at the best, and at certain seasons of the year, 
when the defect is large, as positively in]unons In the 
Weekly Weather Report the amount of effective and non- 
(dlective heat is expressed in what aie described as ‘^day- 
degrees ” A day-degree ” Fahrenheit signifies 1° above 
01 below 42°F. continued over a period of 24 houis, oi, m 
uiveise ])iopoition, 2° continued ovei 12 hours, 3° over 8 
hours, and so on At the Meteorological Office the 
amount ot Accumulated Temperature above and below 
42°lf, is computed fiom the daily leadings of the maxi- 
mum and minimum thermometers, in accordance with 
loimula) pioposed more than 30 yeais ago by Sir Richard 
Stiachey, at that time Chairman of the Meteorological 
OuuiiGil The actual method of computation is described 
111 the pieface to the Weekly Weather Report for 1684 
and subsequent yeais As examples of the results 
attained, the following statistics may be of inteiest In 
t,he table the amount of Accumulated Temperature above 
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and below 42“F is given lespeetively lor the exceptionally 

of ij cool summer 

wi+w^ and for the cold winter of 1916-17 m contrast 

embraced .s, m each case, the 13 weeks 
TiiTil^fn A ^ niay be within the tliiee months 

of ^offi t, Decembei to February The winter 

bevouH scarcely be said, prolonged far 

wifh ih,!S. ■boundary The averages 

the 35 ye2rs?881-19lV®''' compaied are those for 


Accumulated Temperatuee 



Above 42 

Below 42°F 


Day 

degrees 

Difference 

horn 

average 

Day 

degrees 

Difference 

from 

average 

Summei of 1911 

Mir ’? 4 ’'907 

Winter of 1916-17 

, , 1912-13 

1,940 

54 

278 

+297 
—220 
— 126 
+ 98 

0 

0 

598 

185 

0 0 pN.sc 

M 

+ 1 


Atmosplieric Electncxty tieats of the vaiious elec- 
mcal phenomena observed at 01 neai the eailh’s surface 
it we regard the earth as a sphere of radius R, cairymg 
^ electrical.chaige of uniform suiface density v, the elee- 
trical force on unit charge at any ladial distance ; not less 
than M is the same as if the whole chaige 4ar(TR^ wore 
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collected at the centre, and is thus C xiTra-E^jr^, where G 
IS a numerical constant dependiufir on the units adopted 
On the electrostatic systenci O is unity Charges of like 
sign repel one another, and it is usual when talking of 
electrical foice to legard it as the force experienced hy a 
positive unit Thus the above force is upwards or down- 
wards according as is positive or negative In fine 
weather a- is noimally negative and so the foice is down- 
wards The force at any suiface-pomt is really deter- 
mined by the charge m its immediate vicinity, and thus 
whether <t be uniform or not the force is given correctly 
by where pc is the surface density at the point 

If we take a point at a height h small compared with E 
and suppose p to be the mean electrical charge per unit 
volume throughout the height 7i, we find m a similar way 
that the electrical force at the point is —irrG ((t+|oA) 

If F denote the attraction towards the earth on a unit 
charge at height in oidei to raise it to a slightly greater 
freight h' an amount F (7i'— 7i) of work must be done, 
which is tiansformed into a rise of potential (% e , capacity 
to do woik) if the potential rises during the operation 
Irom V to F', then F{h'-h)=V-V Thus the force 
downwards is = (F'— 

It is usual to consider the change of potential per metre 
of height, which is known as the potential gradient If 
we write P for (F^— F)/(7^'— ^), we finally get 
P^=— JL(T , 4(o*+p^), 

wheie P^ and P;^ are the values of the potential gradient 
at ground level and at height h respectively* A is here a 
numerical constant, equal to 47r in the electrostatic 
system of units 

P^ IS positive, %e the potential increases as we leave the 
giound, if Ithe force on a jiositive charge is directed down- 
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wards, le if is negative This is almost always the case 
111 hue weathei As we go np, P will meroase if fj is nega- 
tive like <T, bnt diminish if f) is positive In fine weathei P 
diminishes as we go np, or is positive Ai Fve w Obsei vatory 
the potential gradient m fine weather averages about 300 
volts per metre At most other stations somewh.it lowei 
values have been obseived The potential gi ad lent has 
a large annual variation, being lowest in snmmei There 
IS also a large diurnal vaiiation, with usually two maxima 
and two minima in the 24 hours At Kew the lowest 
value occurs in the eaily afternoon in sn^>imer, but in the 
early morning in wintei 

As we go up from the eaith, the potential gradient 
normally diminishes, ^ <3 each successive metre adds less 
to the potential, but all contributions being in ihe same 
direction the potential goes on mounting, and at tlie levels 
attained b} airciaft may reach hundreds of thousands of 
volts Any body remammg at one level gradually assumes 
the potential of the suiiounding air, the process being 
accelerated if the body is provided with sharp edges or 
points, or with an engine emitting fumes, oi if it is 
discharging ballast But il a body makes a laige lapid 
change of level, it may depart widely in potential from 
me surrounding an, and in an extieme case this may lead 
airship sparking and consequeni. danger io an 

Besides its legulai changes, potential gradient neai (he 
ground shows numerous if not perpetual in eg ulai clianges 
Clouds sometimes carry large electrical ehaiges, and heavy 
passing clouds usually cause laige fluctuations of potential 
During ram the potential gradient at giound-level is 
often negative 

The charge in the air evidenced by the change in 
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)otential giadient with height may he earned by 
hops oi water, but it is also earned by ions Lheie 
je alw^ays at least two kinds ot these present in the 
tmospheie, nsually known as light (oi mobile) ions and 
leavy (oi Langevm) ions The latter seem the more 
lumeions, especially near smok> towns, but they more 
^ory slowly, and as cariieis of electricity aie relatively 
inimpoitant Also the numbers of heavy ions carrying 
lositive and negative charges seem approximately equal, 
hus they neutralise one anothei so fai as influence on the 
jotential gradient is concerned. On the othei hand theie 
B usually a maiked excess of light positive ions, as 
uggested by the falling ofiC of the gradient as height 
ncreases The number ot light positive and negative 
ons combined near ground level is usually of the order 
►f 1,000 per c c 

Air is often regarded as a non-conductor or electricity, 
nd it is a very pooi conductor compared with copper , 
t conducts, howevei, to a certain extent The neg^ive 
sharge on the earth and the positive ions lu the atmosphere 
ttiact one another, a process equivalent to the passing o 
L curient from the air to the earth This current is 
‘xtremely small if reckoned in amperes per cm only in 
act about % x 10~'' on the average— but tor the harth as a 
vhole this means fully 1,000 amperes, it we can 
he few stations wheie observations have been made as 


ml'} representative , ^ 4 . 

The piocess by which this current is mamtaine 
leseni a mystery The difficulty is analogous ^ 

dnoh puzzled philosophers who Baw nvers flowing into 

10 sea without the sea becoming fullei ® | ^ “ 

,ons which seemed pi omising, though ‘ 

ifficiontly regulai source of supply, appeal to hav 
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down It was suggested that ram might lestoie the 
DMance by bunging down negative electricitj But the 
obserTOtions hitherto made — too limited as yet perhaps to 
be wholly conclusive — indicate that while lain not 
mtrequently brings down negative electiicitj, it brings 
aown on the whole more positive Another suggestion 
was mat the bounce might be restored by lightning. 

a j Wilson has, bo-wever, recently devised a 
method of determining the sign and the quantity of 
^ brought to the earth by a lightning 
flash, and his results suggest that on the whole the 
charge hiought down is at least as often positive as 
negative ^ 

indicate that at heights 
nf +11^ t increase takes place in the ionisation 
ot the atmosphere At heights of 90 to 150k aueoea is 

to latitudes, and it is natural 

heights the electrical conductivity 
IS mucxi greater than near the ground 

^ ■*•*1 addition to 

and isolated patches, there are some- 
ca^ed « ^ resembling curtains or diapeiies, also so- 

dirfwfBd representing a concentration of rays 

directed towards a limited space of the heavens 

other accompanpng figures, one shows an arc, the 
stable fori^f symmetrical and 

vimble vawatL -p"^’ persisting with little 

wW o J ^ several minutes Auroral curtains, 

m^Se Treet latitudes, seem very thm 

Imulllv^^ r« ^ perpendicular to then length, and are 
i^rrri ^ motion The lowei edge, both of area 
and curtains, is usually much the best defined 

Aurora is very rare m the south of Europe, and is but 
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Aurora op January 4, 1917 . Sketched at Aberdeen by 

G A Clarke 
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seldom seen in the south of England But the frequency 
increases "rapidly as we go north, and m Orkney and 
Shetland Aurora is a comparatively common phenomenon 
A zone of maximum frequency passes from the Norfch ot 
Norway to the South ot Iceland and Greenland Aurora 
IS also common m high southern latitudes, but its distri- 
bution theie IS still impeifectly known The visibility 
of weak aurora is much affected by moonlight, and even 
the strongest aurora seems to be invisible if th3 sun is 
above the horizon Thus theie is some difficulty in 
assigning definite laws ioi its frequency of occurrence 
In the British Isles and similar northern latitudes it is 
most common in the late evenings and near the equinoxes , 
but in the noith of Norway and Greenland it appears to 
be most frequent near mid-winter Of late years Pro- 
fessor Stormer has devised a method of photographing 
aurora, includiner leterence stars m the photograph, and 
by means of photographs taken simultaneously at the two 
ends of a measured base he has obtained numerous results 
foi the altitude Heights exceeding 200 k are not unusual, 
but a great ma 3 onty of the heights lie between 90 k and 
130 k 

Aurora is undoubtedly an electrical discharge, and we 
thus inter that at heights of 100 k —at least in high lati- 
tudes — the atmosphere must often, if not always, be a 
vastly better conductor of electricity than it is near the 
ground Some distinguished travellers have claimed k) 
Hoe aurora come down between them and distant moun- 
tains If this be the case, aurora must occasionally come 
down to much lower levels than any measured by 
Btormer, and there may be truth in the belief held by 
some meteorologists that cirrus cloud is sometimes the 
seat of aurora. 
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When viflihle in England, auioia is neaily alwajs 
cicoomiumed by a magnetic atoim, but this is not tlie case 
wiienitis confined to higli latitudes The speitium ol 
amoraconcistbofanmuhei o( lines, one ot which m the 
green IS paiticiilaily characteiistic, butit has not yet been 
Identified with certainty with that oi any known gas Tt 
IS not at all impiobahle that eventually we may leain much 
irom the spectrum of auroia as to the constitution of the 
baUoons than those accessible to 

Boiling-points — It IS customai y to sa^ tliat a 
lermornetei is graduated so that the liee;«mg-poiiit and 
Doiling-point of water come at specified hgui es, c o , 32° 
and 21,- on the Fahienheii, oi 273 and 373 on the abso- 
lute scale, and the importance of defining the prossnie 
nnclei waich the water is boiling is fiequently ovei- 
00 ei In the piocess of boiling, bubbles of vapoiii are 
formed m the mtenoi of the liquid If the pressure of 
e air above the liquid is low +he hubbies aie formed and 
glow more readily, i e , at a lower tempeiatuie than when 
the pressure IS high, so that the boiling-pomt is loweii'd 
by decrease of pressure, raised by increase of pressure 
Jixeept on raie occasions piessme at sea level in 
England is between 1,040 mb „nd <)60 mb Under the 

VoTi? 373 73 a, under 

1,000 nil) the boihng-point is 
, ' standard piessme used in the definition of 

he temperature 3 i 3 a (01 212°F)is that due to 7G0 mm 

F.h point ^ water at sea level in 
hititiide 4)°, le, 1,013 2 mb 

When we leave sea-level and ascend to places when- 
the pressuie is much lowei, the tempeiatme at winch 
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watei boils is leduced For example, atPietoud, 5,300 ft 
above sea-level, the aveiage piessiire is 871 mb , corre- 
sponding with a boiling-point 369a 

This change in the boiling-point m the course ot an 
ascent is made use of m tne measuiement of heights by 
the Hypsometbr, a method Avhich is convenient, as tne 
apparatus requiied is more portable than ^ 
barometer, and more reliable than an anei oid At ^ ±,dUU xt , 
the greatest height reached by the Duke of the ^ruzizi on 
the Himalayas, the pressuie would be about 420 mb ana 
the boilmg-pomt 350a At great altitudes thei e is muc 
difficulty m cooking, owing to the comparatively low tem- 
peratuie of the boiling water 

It should be mentioned that the figures which have 
been given above refei to the boiimg ot pure water, ine 
addition of salts in solution raises the boiling-p<unt bea 
water of average density hoils at about 0 5a ^hove pu 
■water under the same pressure By ad ding 40 gramme 
of salt to 100 grammes of water the boiling-point can be 
raised by 9a 


Calorie 01 giamme-calone — % e , the 
1 aise the temperature of 1 g of water by la at 288a -is o e 
used in connection with measurements of solar radiation. 
The amount of solar radiation is accordingly often gi 
so many gramme-calories per square centimetre per minute 
At the Meteorological Office we use instead 

(per square centimetie), because that IS the accep 

“rate of working” in Thermodynamics ^ 

total absence of cloud the amount of 

reaches a given area on the earth s surface at g 

IS very variable. It depends on the altitude of ffie suu 

and the transpareucj of the eajth s atmosph 
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IS bj no means a simple tiling to eatimate tlu' ‘ Solar 
onstiitlij i e , the ladiation wliicli would be received, m 
one minute by a square centimetie outside t4io earth’s 
atmosphere, at the mean distance of the earth fiom tho 
sun, the incidence ot the ladiatiou being normal From 
a long series of investigations, Dr Abbot, nL the 
bmithsonian Institution, Washington, D S A , has arrived at 
1 yd ealoiies per square centimetieper minute or Idf) milli- 
watts pel square centimetre, as the mean \ alue of the solar 
constant Di Abbot concludes, howevei, that solai radia- 
earth’s atmospheie, is not really constant, 
the fluctuations being presumably due to changes in the 
solar atmosphere 


Conting'ency In expressing the relationship between 
two variables, the correlation co-efficient “ /• ” can only be 
used when both variables aie given quantitatively The 
correlation ratio r] can be used when one or both vai lables 
aie expressed quantitatively 

If, however, both variables are given qualitatively, it is 
not possible to use either the correlation co efficient or the 
coirdation ratio In such cases it is usual to calculate the 

contingency, Oj This oo- 
Seffi?eu?V^^ correlation 

^1 can be obtained from any 

astronoTTurai^ Theory of Statistics'* An excellent, 
astronomical example is given on page 167, “ The Oom- 
bination of Observations,” Brunt (Camh Umv Press), in 
wiLich xt IS shown that there is a close relationship be- 
tween spectral type and the colour of stars See Correlation. 

Correlation Ratio,— A measure of the relatio nship 

* An Introdttction to the Theory of Statistics— by O TJdny Yule, 
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>etweeTi variables In calculating a correlation co- 
jfficienfc it IS assumed that the regression is linear, t e , 
hat the obsei vatioiis themselves, or the means of grouped 
)bservationfe when plotted, he approximately along a 
straight line In the calculation of the correlation ratio 
inear regression is not assumed The coirelatiori ratio 
nay be defined as a geneiahsed coefficient which measures 
he appioacli towaids a curved linear line oC regression of 
iny form 

It r be respectively the coi relation ratio, and coriela- 
rion coefiicient, found tioni a set of observations, is 
i measure of the deviation fiom linearity of the curve of 
'egiession See Computer’s Handbook, pp V 29-52 

Duration of Rainfall —A climatic feature of some 
mportance Many forms of self-iecordiiisr raingauge 
nave been designed to determine the distribution of rain 
n time, but it is only iii recent yeais that adequate atten- 
lon has been paid to the matter, and the pattern of gauge 
fias not yet been standardised m this country Duiing 
he 34 years, 1881-1914, at the headquarters of the 
I Iritish Rainfall Oiganization, in North-west London, the 
iverage annual duration of lain (snow and other forms of 
Jiecipitation included) was 433 hours, about seventeen 
lays, or 5 per cent of the year, the extreme annual values 
angmg from 299 hours to 689 hours (12^ days to 29 days, 
per cent to 8 per cent ) In the wet regions ot 
Junabeiland, Wales and Western Scotland, the animal 
duration exceeds 1,000 hours (II ^ per cent of the year) 
iiid in the wettest parts in the wettest years sometimes 
ipproaches 2,000 hours, or between a quarter and a hit a 
>f the yeai ^ ^ . 

The duration values for the year 1915 (a wet ye^j) ^ 
^ivenfor the Observatories of the Meteorological Office, 
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MtP®!^®foii! *v® amount of rainfall and the mean 

rate ot lau pei hour — 

— 

Rainfall j 

1 Duration 

Bate per hour 

Kew 

Falmouth 

Eskdale 

Aberdeen 

Valencia 

Armagh 

mm 

805 

1,322 

1,224 

805 

1,516 1 

74^ ! 

hrs 

461 

744 

790 ' 

589 

761 

530 

mm 

I 75 

I 78 

I 55 

I 37 

I 98 

I 40 


dmation value foi the year 1915, accoicl- 
wf f publication BnUsh 

w!^ f '111 P®i cent, near Kinloch- 

ieven, Argyll a few miles S E of Ben Nevis and the 
lowest value 442 horns at Nottingham 

with t?e mcieases 

Sv ^r!q “ tempeiatnie, i caching its maximum m 

on +ht Januai 3 The actual duration. 

It least m j^iy Heptember, when 

when that gieatest in Novembei, 

wnen tuat figure is nearlj doubled 


The CopiLATlON COEFPIOIBST between 
annual duration of lamfall for 3i 
in N W London is + 81 


annual 

yearp? 


-iSf?i*emhtJ 1“ 1 permeated by dust up to 

irom an’v diy surface fiom evapoiated sea-spray, horn 
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T)lantB m the shape of pollen gtaiiiB, from the debris oL 

Eonl°» D..t « 

orologxcally in that water Taponr 

particles Dnst-fiee au may be ^ 

below the dew-point without condensation occiuri g 

Counter — A.itken has devised three types of 
inSrument for estimating the nnmbei of f^st-pai tides m 
a ^amnle of air , a large model with aitificial illumina- 

?ion suitable as a permanent part oi tor 

flrstlclass observatory, ^ a 

testing locally polluted an, eq, ™ 

XllVe°dLcribed briefly, as it embodies the same principle 

as the others, but with f Pf blotting 
Into a receiving chamber, lined is intl2 

paper, a measured quantity of the , j gg gtage, 

duced This chamber contains a 

having fine crosslines 1 mm apar ® P a sudden 

divide the surface into a network 

The average numbei that tall upon on 

of dust-partides m 1 cc t^® thLamX of air is 
method ^of 

mgenioi^sly J^®“ * P^i^e air m the reeeivei 

I'S.S \r.°Zl‘n Vh./’.. ..ad dP» » 
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iK ae“?ecei?er is^ufc 

outer air, a sS^of 

cSSmsCmUS'’ ‘° tr ^Se 

pirtioUs toS°bj *A’itken'‘?JJ'*I *'“ “J™'’®'’ ■!">*- 

localities - ^ ^ of air at yanoiis 

Cannes (Apnl) 

Simplon Pass (May) 
summit of Rigi (May) 

Eiffel To-wer (May)^ 

Pans (Garden of M 0 ) (May) 

London (Victoria Street) (jVne) 

D amines (Oct -Nov ) ^ 

Ben Nevis (August) 


1,500—150,000 
500— 14,000 
200— 2,350 
226—101,000 
134,000—210,000 
48,000—150,000 
395— 11,500 
335— 473 


altitudes It consists ® occurring at lower 

and may be divided into C 

Ty?e rn^ r* “ extensive slieets 

The rounded top™S°?ra3ur slioweis 

particles causing diftmetiT^,^ consisting of minute 

J«.lv...w.y,.i.,(ai,,e,„„ , to 

* Contributed by Lieut C K 
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aftei^waids, and may conBisl- ol wliiie tiiUs oi dull grey 
masses, with edges resembling cirrus It occasionally 
terms diiect, and not tioin othei clouds tor instance, 
on April 1st, 1917, neai Edmbmgh laige tufts of false 
ciiriis foimed at a height of about 6,000 feet, apparently 
caused by convection cm rents Snow showers resulted 
but only a few flakes leached the ground 

Type (2) is distinguished by its moie regular formation 
and covets large aieap It sometimes has a dull unitorm 
grey appeal ance, being then usually classed as ^alto- 
stratus” , it has then often very gieat thickness Some- 
times it assumes the veil-known cirrus form, resembling 
c nro-stratus sheets, but never causing a halo No very 
definite dividing line can be drawn between “false 
cirrus ” and cirro-stiatus False cirrus sheets may change 
to thin wavy clouds resembling cirro-cumulus, causing 
diffraction rings , this most often happens in the evening, 
and the clouds may afterwards dissolve away entirely 
Dense masses of false cuius from the south with surf ace 
winds fiom the north-east often precede heavy thunder- 
storms 


Glacier —A uvei ol ice flowing slowly but irresistibly 
down the valleys of those regions which have a perpetaal 
supply of snow to feed the head of the glMer The 
explanation of the gradual flow of ice down valleys 
the action ol gravity, forms a special s®c ion of physics 
and is anothei illustration of the peculianties of the 
material of which water, is composed 
cnly of climatic importance but in dynamical meteorology , 
with rivers, they deserve consideration 
line along which air flows when 

due to cooling is the primary reason foi the movement;. 
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/>{'<S 

IHOtection /rSS 3 h it uiL' 

bodies^^e^*aw*^of^»n™ ‘^‘b.w.Uoji letwemi juateiial 

S3=££^is;s,3 

dens% vallpstX 

attiaote an extevnll bodj ixLtt atfh ftT 

were collected at the centie am? thL ^ 

tnted spherical shell—) ^ a^’ ^ ^ similarly consti- 

centric spheiical am-far.a bounded by two con- 

body as if its mass weie enll external 

point ni the atmoSre JT f 

regarding the earth^as a perfect Shef/t^^H*'^® ground 

assuming the denaitv -vu-uLiu ^Pbeie of ladms R, and 

sphere, tVvironliwS w^^^ t®i 

sphere’outside^re sphencal 

no attraction, while the eaitn^ exerts 

of radius B + h attiacf L ff *^ii “f®? ^ within the surface 

constant This beeom^ « n ' > where G is a 

<;.=Sil</)i’ .r?he“™'sM'„di.t^I"^ a + W-'. 'Vbeie 

tace, 7 6 wholly within <;he earth’s sui- 

) "uoii^ within the almosphere Conn led m 
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kilograuimos M’ xa laigc, but eveu if wo ^ 

coutmes of the aimosphei e MjM would be less than 
1/1 imllioii Thus the attiaction of the atmosphere m j 
be neglected, at least lor meteoi ©logical ^ 

vaiiation with height m the ^ attamed by 

much more impoitant At all heights a^temed py 

balloons we may neglect ¥IR\ and ' p4- 

by l-2;i/R But at a height of say 10 miles this repr 

sents a i eduction of one part in 200 m giavity 

In leahty the caith is not a sphere, but ‘jPf of Jf® 
spheroid whose equatoiial radius is 10 7 k ^ » 

polai ladiiis Also it lotates, and he “ o®f 
due to the lotation leduces gravity, 

equator. The earth’s surface is also iffgular in outline 
and the density vaiiable, at least near x pf 

tSe formula actually advanced to show Je 
gravity at difEerent parts of the earth s surface are com 

The following formula, due to 
best known In it g denotes the acceleration ot g y 

111 C G S units, 1 e , in 


=97<S 000 (1+0 00531 sin^ ^)x 


1 - 


li 


m a 

2B A 


h' (8-e) 
2RA 


+ y 


1 1 A t /lo p tVip earth’s mean radius, h the 

Heie <t> IB the latitude, R t ^ gg stu face strata 
height afve ^ea level, ^ density (approxi- 

ol low density, A pf ® tort S mean density 

mately 5 6 times that of watoX ^ 

of surface straw . f the region, and // 

actual density of surface stiata tor tne ^ 
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rirx, “'4T ?“““ “**''■ 

'/ negligible, this becSmes ’ '^"PPns'ne 

oin,.., ^=^^^^00(1 + 0 00531 

where 2/=90", ov vanishes, i . , 

in J gn-Avity to latitude^ 45 ° ”®nnl 

^ome ineasnie actually ma.flp n means ledncing 

baroiiietei-to what it wZldl,! f 
possessed its mean value ^ g’lavity had 

course, imply that giavitv has^i*)! ^locs not, of 

spot in latitude 45° i JeiLnh nt every 

lev, or oa« local polSSs'’' "' ‘'‘' ■"»>"■ 

picaoion a4teLnte",°„m dt any spot with the 

'Ti te£Si47 

dulam at two stations the L^reii^’T Pen- 

ot gravity are connected bv the P' ^n<J y' 

, enables eravitv.i I, ^ 


of gravity are eon'Sd bvThe ^ 

Plus enables eraviHr ^ me relation g' r/—(tlt'y 
terms of gravity at I base^^stahon^ determined m 

corrections have to be annlied +n H, nceurate woik 

swing to allow for denart^rpfl+^f the observed times oi 
fiom their standard values alen f ®™P®™ture and pressiiie 
Pc^nre of the penduWsSd ° and 

corrections aie earefnlly made a all the known 

for i„ «oo.“^irc44torsp^^“ 
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of India, the last two comparisoiiB instituted between 
Greenwich and Kew, the one made by the United States 
Coast and Geodetic Survey, the ofchei by the Tiigono- 
metrical Survey of India—using two different sets of 
half-second pendulums, gave for q at Greenwich the 
respective values 98J 188 and 981 186 

Pendulum and othei geodetic obseivations have led to 
a theory of isobtasq which has leceived stiong suppoit ot 
late yeais, especially in the United States Accoiding to 
this theory it we start at about 100 k below sea level we 
hnd between there and the free surface an approximately 
unitoi in quantity of mattei irrespective of whether the 
tree suiface is mountainous or not A lessei density 
under lorty mountains and a higher density under deep 
seas act as compensations 

While the mass of a body is independent of its position, 
its weight, i e , the giavitational attraction exerted on it 
varies with g and so increases as we pass from the equator 
towards either pole Penoting by ^0 the value of g in 
latitude 0 we obtain fiom the foimula 
^yo=98319, ^0=978 00 

In otliei woids, giavity at the poles exceeds gravity at the 
equator by 1 part m 189 

Harmonic Analysis —There are many meteoro- 
logical phenomena which lecui with some approach to 
regularity day by day If the changes of such a variaWe 
tempeiature aie lepresented by a curve, then the 
portions coirespcnding to successive days bear a strong 
likeness to one another If foi the actual 
day the record foi the average day were substituted, the 
vaiiation for a long peiiod would be repiesented by a 
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cuive in whicli the pait corresponding 

hto Its lellcws The simplest cnrve 

propel ty ol oontmnous lepetitionisaciiive ^ 

example the vanatmn ot tempeiatuieat 

Richmond, in July, may be cited Tbe sequence of cbanfi 

throughout the aveiage day is shown in th ^ jjg 

the hgme The repi esentative curve is not unli^ 

curve of sines, but it is not quite sym after 151 

which commences at sunrise ■, eimi 

IS luoie steady than the drop which j-g tt 

and Blow aftei midnight A good approxmahon ^o tj 

tempoiature on the average day IS gj ^ 

the lower, t ^alue is leached ® ^“®^Srcom 

15^ + 224^=2^0“ 1 C at 3 h b “ of a sin 

13 liouis lat6i at Id h 6 HL ^-kaArvations would mal 
CTiive for the cuive based on the -^onld not affe 

the minimum too early by an hour, but would 

the maKimnin so mucn 


e maKimnin so luuon 

The curve showing the i ne 

in March (in the upper pait of ^ ^ temperatu 
to a sine-curve as that for Jfly- S more tLn s 
from minimum to maximum the vanatn 

hours. The best sme-cmve for representing, 

IB giTen by the fcimula 


0=278 74 + 2 47 sm (l5i+222°) 


It will 
close. ' 


and IS shown by the - 

seen that the “freemen y temperatu»> 

obtain a more accurate ^ of 12 hours may 

additional sme term with a penoa 
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'""e-tTr-x oonlaunng such a term as 

e-278 .4+2 47 8an (15^+222“) + 0 b‘3 sm (30^+39“) 
The new fceim 0 63 sjn r'3^)/4-^Q°^ ± ^ ^ 

morning and in the earlf SttitoL so°?£Tif“d!5® 

?rFiJuS%“Z“r.^“" maimui^SJe^; 

with the proposed ioaninla^ curve which ooi responds 
at intervals o/ six hours simple sine-curve 

based on the observations to the curve 

8 sin (45^^+330°) 4-0 12 sin (60^J-f 190°') 
were included in the formula ^ 

may he e?;?ered 

where i denotes the tune in im <*-' + , 

fixed hour, nsuallj LdnKdit^ some 

which has been adopted m the n tatter is the form 
^ it ^ exhibits th^e physical atolfles^ Part of this note, 
hnt the first form is ftat eif^in ttie results, 

numerical calculation of tfe bSme'^ m 

where n may be 4,1, ”3, 4^”~®’'/®™"^»=^Wcos4„ , 
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For brevity, let 0, 1 , 2 23 1 epresent the algebraical 

departures from the mean value lor the day of an element 
such as temperatu) e or pi essure at the successive hours 
midnight for 01, 1, 2 Then using the following 

Kely api?oximate values 0 966 for cos If or sin , 
0 866 foi cos 30° or sin 60°, 0 70/ for cos 4.) oi sin 
0 259 lor cos 75° oi sin 1 5°, and noticing that 0 5 is the 
exact value ot cos 60° oi sin 30°, we have the following 
mathematical exprefeHions toi the r/, h coemcients ot the 


first i 
12ai= 


orders — 

(0-12) +0 966{(l +23)-(lH-13)}+0 86b{(2+«2) 
_(1'0 + ]4)}+0 707{(3+21)-(9+15)} 

+ 0 5{ (4+20)-(8+16)}+0259{(5 + 19)-(7 + 17)], 

:(() + i2)_(b + 18) +0 866{(1 +23)-(5 + l^)-g+ 

+ (11 + 13)} + 0 5{ (2 + 22) -(4 +20) -(8+16) 

: (0 - 12 ) - ( 4 + 20 ) + ( 8 + 16 ) + 

— (5 + 19) + (7 + 17) + (9 + 15) - (11 + lo)}, 

:(0+12')— (3+21) + (6+18)— (9+15) 
+Jr,((l+2J)-(2+22)-(4+20)+(5+19,+(7+17) 

<6-18) +0 966( (5-1 ) W)} +0866((4-2n) 
+ C8_16)}+0 707{(3-21)+(9-15)} 

+0 5{(2-22) + (10-14)} +0 
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rhetermaaiecuiaiigedin pairs ioi lauhiy oi calcula- 
tion, as will be bettei uiidei stood on consulting the 
numerical example given presently It will be noticed that 
4-1 ^ coefficients ve have to do invariably 

It 1 diflceiences, and that the sum of the two numeials 
(.lepresenting the observational houis) which loim the 
mvaiiably 34 Similaily m the ease ol the a 
coemcients, with two appaieiit exceptions, wo have the 
sum ot observational values at horns winch togethei 
amount to 24 The exceptions (0 ± 12) aie onl;^ apparent , 
ey really represent ^ {(0 -f 24) ± (12 -f 12} The houis 
u and 24 alike represent midnight 

itike for illustidtion the case aheady given of the 
Uiurnal variation of temperature at Kew Obaeivatoi'^ 
uring March The 24 hourly dififeiencos liom the mean 
Ol the day on the average ot the 45 yeais 1871 to 1915 
were as follows — 


1,23 2,22 3)21 4,20 5,10 


0,12 

—135 —151 —ITS — 1 91 —2 10 —2 19 

+203 -104 -072 -029 +011 +070 

_A18 _ 8,16 9,15 10,14 11,13 


-2 31 
+ 142 


-214 
+ 2 26 


-162 
+2 69 


-0 49 
+2 93 


+ 043 
+2 77 


+ 141 
+ 2 58 


The headings denote the horns to -which the obsciva- 
tional data immediately below lefei For instance, the 
departures from the mean value of the day at 0 li and 12 h 
were respectively — r35 and + 2° 03 

Referring to the formulas it -will he seen that we want 
the algebraical sum and difference of the two entries 
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,v ,.o 9 -,5 _9 47 —2 20 — 1‘^9 —149 

+'iS +0 12 +107 + 2 44 + 3 20 + 3 99 

diHeiencea -3 33 -047 -1 03 -lb2 -g 

—4 40 —4 41 —3 42 — 2oi ^ 

V.)1 cakiiUtiiig the h coefficients ^ve 1040110 onl> the 
ditleLniii ioi the a coefficients in addition to the sums 
WO leqnue only Hio tiist diffieience 

906 (-2 55-8 -(O, + 0 866(-3«-3'a» 
'-'"+0 767 (12 20 - 2 «) +0 5 (-1 99-1-07) 

+0 259 (- 149-012^ 

Employmg C.dle'« 

lor-wai'd multiplication, we ^ - i 

-491 -3 28 -153 -042 =-19 34, 
and so a-i = —1 653 

SimiUuly we find 12a3= +4 83, and so ^ 

;g;;rSi ;: 2 — (h^i. 

+ 0 2591-047-117), 

_ ,8 -7 01 - 5 M -- 8.56 - 1 6»-«2 - - 

and so o4l 



318 


Wcmari/ 


yniiilaily ve faud 

1 %= + 5 80, and bo i .,= +0 488 , 
1263_+0/9 „ i -^=+0 066, 
1„54=_1 ^9 ii=-0ll6 

to. sample, the case of ,i,, , 5 ne M-honr lomi 
Oave tan — 

Ih 


-1841 


'=-1-0 hi)78 


Take, 

Wt) 


4r55'-fT80' ri'22l4"r^'' 
uimus^ s*oXr<,i?T'4n''/ 

-4i lies in +I 1 P minus Thus 

amseque^tlv S 4 v 270“, and 

consequently is 221 55 , oi to the nearest tlegiee 222' 

The formula P, = a.jmnA^ gives us P , 47 

We need not trouble about the sign as tba^^'pv^ 
positive The values of A,, P, 4 ® p 7 
derivable exactly in tiie same my 

harmonic analysis The levarsp nr-nr known as 
value of the function at any timr? when’ 
aie known, is harmonic symhesis" Roth °o“iponenth 
carried out by suitable mielirnffo T P^cesses can bo 
computation from given dia ’Se I'ait* aiithmetical 
moie usual except in tScS of Si 
In any term P sm 4^1 /(f P'*®£i^tion of tides 

determines the range is called the am ^ which 

called the phase-anlle i bein^ Sr ^“'Plrtude, nt+A is 

u'cpo, 
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P C08 n(<5-0 K the time of the maximum, has 

oertaiu acHantages , it was adopted by General Strachey 
for the discussion of haimomc analysis of temperature in 
the British Isles 


By compaiison of the amplitudes and phase-angles for 
diffieient places and different seasons, climates may be 
classihed For example, the amplitude of 
term, for temperatuie in July at Falmouth is 2 la, and the 
phase-angle for local apparent midnight is 2o0 
parison with Kew, the amplitude is small ancl the 
maximum occuis early This difference m phase n 
typical of the diffeience m conditions on the coast and 
inland It may be stated , liowever, that as tem- 

perature, harmonic analysis has not yielded 
which can not be obtained moie wadily from *e cmvM 
showing the daily Tarution With pressure more im 
portant results have been discovered 

Tor temperatuie the fust or all-day term in the ex^- 
Bion in trigonometric senes is by far the Tmth* 

the latitade The iS 

term aie clearly understood, the surge 

„ «p«S« b/tte »c..d »4 bi,h.r 

terips has been put forward, 
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The daily variation of piessuie at Cano in July is 
lepresentecl giaphically by tho second Piguie 

Dmly vanrtltcm of the Bawmete) at Gan-r> lAbhassia 
Obfei ui July 



Wb 



TKe departure of tlie pressuie fiom tlie mean for the 
clay IS given in niilliliars by the expression 
92 sm (15^ •+ 17*=) + b6 sm (30^ + Uif) 

-1- 12 sin(4:5^ 4- 348°) -f 05 sin (CM -f 250°), 

The first term represents an oscillation -with the 
maximum and minimum at about oh ancllTli lespectively 
It indicates that as the air is warmed in the daytime it 
expands and overflows from the ISfile valley ovei the sur- 
rounding high ground and over the neighbouring seas. 

The second term represents an oscillation with maxima 
at lOh 20m and 22h 20m These houis aie almost the 
same all ovei the globe The amplitude depends on the 
latitude and to a certain extent on the time of year 
The mean value for the year at Cairo is 0 8 mb It is 
about 1 3 mb at the equatoi, 0 5 in latitude 45°, 0 35 in 
London and 0 J mb in latitude 60° 

The third term is inteiesting as it changes its phase b3’’ 
180° at the equinoxes The first maximnm occurs at 2h in 
summer, the first minimum at the same hour in winter 
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It tas iDsen mentioned contrast is 

largely on local „a,tories At Eichmond, 

ofEered by tbe British observ^ones ^ 

Surrey, the amplitude of thist naTinciveeii, hut the 

and It baa about ae ^ maximum occure at 

m the morning (at 7h) „„tended to the investigation 

Harmonic Analysis may be extenaeu ^lifferent 

of changes -which are J +i of the tides The 

peiiods The classical instanc » gmi and the 

Tides being caused by the attraction day. 

moon sho-w as periods the so , times of tides 

The process by which the heights and^tbe^^^^^ 
are foretold in piactice depenas 

and synthesis „„uiunTit of heat absorbed m 

Ice —Owing to the melted) a mass of ice 

melting (80 CALORlBS for oneg Masses of ice or 

represents a powerful „,Qjag m Nature that the 

snow can attain to such di climatological im- 

heat absoibed during ® furnished hy the lee- 

portance An excellen example The largest of 

bergs obseived by Antarc P loe-bOTer 

these appear to he the sifmmer months They 

that have broken away during th ^ d 

aie generally seveial bund reqmred to meU 

20 miles m length „Xol?and 600 feet thick would 

one 20 miles long, 5 “^1®® ^"^Jature of the air over the 
be sufficient to raise the te p to a height of 

whole Biitish Isles from the gr^n 

1 kilometre (3,281 feet) hy during frosty weattor 

" When ice u^°n-£,ce is continually replaced by 

the cooled water at the surface is c ^ 


13204 
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*lie whole mass has fallen 
^ 277a (.-jg F), which is the temperature at which water 

cool on- 

hS n? +i point IS reached and ice 

flZfn,.* ^ to form m a 

flowing river IS a complicated question about which 

wr®"!? ^ has written 

hinflat!^ + ® freezes the crystals formed contain no salt 

separated fiom the brine which is 
^ consequently the water obtained by 

n ^®^-lce IS salt When, however, this ice 

draiTia rltif Under the action of pressure the brine 
his l"]^"® Newly-formed sea-ice 

thl degree of flexibility due to the fact that 

Ivin wW ?’^® layers of brine or sa’lt, and 

m(IveJli?-, -.lHi ®®^®^^l/nches thick the surface can be 
nesi mnlLt Unbroken by a swell As the thick- 

bllkll nn happen, and the sheet is 

form thlf V ® .*'I®?®®’< together and soon 

SpTorers! " pancake-ice ” famil.ar to polar 

atmospheie arises from the presence 
lines If ~ Charged ions move along the 

with them %vl ®^®®*"^ carrying their charges 

Thft f'nrn«T^+ ^quiYalent to aa eleccnc current 

nrelent Ild tte number of free ions 

present, and with their mobility Jt e , the velocicy which 

mcrSII of enn^f equivalent to an 

in^ease ot conductivity m the medium 

atmosuhelfnlfnllf® of ions m the 

t “obile ions, and as 

heavy or Langevin ions, so called after their discoverei , 
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Vroi LangeYiii The heavy ions are 

at least, in the polluted air ordinarny m 

towns, but then mobility is ^ of the 

mmo; importance so far as ! Yelocity 

atmosphere is concerned The ^ voltnerom 

of the order of 1 cm per second 

Ionic charges in the atmosp^re are y 

with the Etefc apparatus This 

cylindrical tube— vertical in the more ai^^ 

taming a co axial cylindrical rod, . ^xg„ » The 

connected to the fibres of a “ string e e 
rod is charged to a potential of from ^ through the 

cylindrical tube being earthed iecor<&d on 

tube by a turbine, the amount passing ^g^atively, 

an anemometei Supposing the ^ aftracted to the 
the positive ions in the admitted m ^ The 

lod, and as the air passes give up ^ x ^ charged 

lei^a. »t the tod end ‘>■0 Se 

are such as to ensure that no moD . _ before 

capture. The readings of the elec ome 
and aftei the admission ot the much, the 

electrical system being known, * amall part of 

charge on the rod has been dinuniS^^ ^ ^ 

the loss— detei mined by a sepa^^*® ® TOnresents the free 
imperfect insulation , the tlie rod 

electrical charge opposite in si^ Two experiments 
existing in a measured volume the one 

are made, the rod being ®’^^®^^j^ ^etthe^free chaises 
case, positively m the other we charges are 

present pei cc in the ^rder of lOOOx 10""^® 

highly variable, but ^r® ^berof ions per c.c is 

in electromagnetic units The n o dividing the 

often iDublished and may be do 

Jj 25 


18201 
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ion, foi 

electromagnitic ™its ^ 

subT^ect^the on the 

thaT+^of was given a value 29 per cent less 

number of io an overestimate ot the 

IS denvpri -Ft. + 1 , case that part of the charge 

thi crutl^wS® percentage oi 

The mobSitv Eb®rt apparatus is undoubtedly small 
Ebert^anS^^f ^ i^o measuied with the 

cated process is somewhat compli- 

S hig^ individual determination's 

decidefl'Il*;!^^® ®’^rface have usually given a 

aecided excess in the number of + ions The + and — 

pointrtoTh^ev''*^ *° oombine, and their presence thus 
Krai ®®“^® -^^oncy producing ions 

active snViafa^^^ dgencies are recognised, including radio- 
v??ilt li^t solar radiation, especially ultra- 

orKr.lv nre^enF ground the ladio-active substances 
Balloon ground may be the chiei source 

dimK^^^ tiiat the ionisation 

athemh^^o^^”k7^9 ^^^K®^^" we leave the ground, but 

fi nei the «old ThT ‘° 

ductor intended P^’^'^oxical that a lightning con- 

frK dama^f Ita f that region 

ThriJht^f£7 *a by increasing this stress 

e lightning-conductor consists of a metallic point or set 
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oE ijoints connected by a metal lod to a conductoi ot con- 
sidciable area buned in moist eaith. This conducting 
point, pro]eeting some short distance above the highest 
point to be piotected, increases the intensity of the stress 
between itself and the cloud, till one of two things 
happens A silent “brush” dischaige may take place, in 
which the induced electrihcation of the earth streams 
compaiatively gently from the point (selected because of 
Its well-known property of facilitating brush-dmchargej, 
and thus finally i educe the stiess to a limit insufficient to 
produce a violent lightning discharge If, on the con- 
trary, a lightning discharge does occur in the region, it 
will pass to the point because of the increased shess, and 
the rod will carry the current harmlessly to earth 
The old idea ot an “aiea of protection is 
tenable, and pointed conductors should 
vided on every veitical projection of the 
protected, and at intervals along the ridge of a 
These should be connected by metal rods or cabl^ and 
the rods connected at several places to jJ,^® 

nectins rods should run as straight as possible ^e 
Xctncal inertia will make the d^^charge^mp ac^ “ 
air-gap in preference to loundmg a 

the rods Iron rods aie fi 

6l6cto<»,lly aud » J 

sulators, but by other masses of 

walls Metal roofs, P E and connected to 

metal should be electrically continuous ana co 

<^aith . u a-ea+ems and all lais® 

Inside the building, pipes, bell-sys^^ 
metallic masses should also be earth-connectea, 
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in iliem hy a AwchATgti 
ough the external conductor, and they may cause fiie 
by sparking to earth if they are not so connected 

ihe only complete protection is attained by enclosing 
biMcage ” arrangement of conductors, 
several points A metal huild- 
selvpTnnH electrically connected amongst them- 

™w! ^ 1 ? probably the most peifect protection 

Sijn.ISM'" ” >>*■ 

The personal danger from lightning iii the ooen 
nSeT n/? as gieat as in towns, owing to the 

ras^v protected intentionally 

ntpiLa^^* ^ conductors), oi unintentionally (as by 
ovcrliea/d ■wiring' for lig’ht, powor, tolenlioiiGs pfr ) T^ 

Scukrl? '‘the^O t established fact that certain trees, 
tL*^ 1 “loie frequently stiuck than 

others The lelative danger of lightning stroke taking 
the Beech as 1, is Oak 50-60, Scotch Pine 30-40,’ Spruce 
10. but IS of course much affected by environment 

these to he on the ground. To shelter under isolated 
trees or on the edges of a vmod is dangerous well inside 

SSr? Ime of over'l^'°^^^^ immedialty 

under a line of over-head wiies is also a relatively safe 

proWem loSnWef bv bgbtning is a difficult 

s..h. ci. ofyiXT?j,af^‘cx.‘s“n 

aeroplanes The tiail of hot gases^from the ongmS 
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ezhauBt acts as a comparatively good conductor, which 
may woik for good or harm according to the position of 
the craft lelativo to the thundercloud, but on the whole, 
by acting as a lightning-conductor and thus facilitating dis- 
chaige along a path passing thiough the machine, probably 
adds a good deal iiioie to the dangei than it takes from it 
MagriietiSBl — The branch of knowledge relating to 
magnetic phenomena Teiiestrial magnetism is con- 
cerned with the earth’s magnetism The earth has been 
happily described as a great magnet the distrmu- 
tion of magnetic force at its surface may as a nrst 
approximation be regarded as that due to a uniformly 
magnetised sphere, whose magnetic axis, howevei, is 
inclined at some 10° or 12° to the earth’s axis of rotation 
(polar axis) The magnetic poles are the one to the i^ojtn 
of Canada, the othei in the Antarctic At these poles the 
dip needle is vertical, and the horizontal component or 
magnetic force vanishes, the compass needle has no 
guiding f oice and points anyhow At what may be caa ® 
the magnetic equator, which is nowhere veiy far fr^ 
geographical equator, the vertical force vanishes , p 
needle is horizontal, and the horizontal force ^ 
largest values The horizontal force 
about half that where the magnetic equator 
The compass needle points m dir<>rtion 

honzontal component of magnetic force, narrow 

. IB exactly noitli and south only along 
hells, one of which at present crosses 
European Russia, while the as 
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to the geographical meridian is called the decimation, or 
A . unfortunately, the magnetic variation 

hL Asiatic-Euiopean Agonic 

line, the declination becomes incieasingly westerly, until 
we pass the western limits of Europe Thus, at Jesent, 
aproximate values are at Caiio If W , at Athens Sf W 

rS ^ Valencia Observatory 

nrPHc^f J T In Europe viesteily declination is at 
present diminishing at a late ot nearly 10' a yeai 
Besides the secular change, declination has a regulai 
^aiiation, and also frequent irregular changes, 
which when large are known as magnetic storms In the 
Northern hemisphere the prominent part of the regular 
variation is a westerly movement from about 7h 
to id h (1pm), followed by a slower easterly movement 
Speaking generally the range of the regular diuinal 
variation is least near the magnetic equator, wheie it may 
average less than 3 , and the greatest neai the magnetic 
poles, where it may exceed 1° It varies with the season 
of the year At Richmond, for instance,in the average year 
.t y»6s from about SJ' m D^emb.t to 11* 
gie mean from all months of the year being about 
It,® o considerably from year to year, show- 

^®“urkably similar progression to that of sun- 
spot frequency In a year of sunspot maximum the 
.range may be 50 per cent oi more larger than a few 

wMlv^fre J f suuspot minimum Few days are 

wholly free fiom irregular changes of declination and 

Thus tb! larger thdn the regular changes 

Speeds r Sometimes 

exceeds 1 , and m high latitudes ranges of 5°, or even 10° 

or more, aie occasionally observed. In latitudes, howevei. 
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below OO' in Euiopo departures of more than 30' from the 
mean valuo tor the year are rare On the occasions of 
very large magnetic changes Aurora is geneially observed, 
even in tln^ South of England, and there is usually some 
interference with, ordinary telegraphy 

The dll ection of the compass-needle is practically 
independent of the height above the ground, except m 
localities where some large uiideigiound source of dis- 
turbance exists [n such a case, moreover, the higher one 
goes up the less is the effect of the local disturbance 
All objects of non are liable to become magnets, 
espeeiallj when the> are long and disposed wi^ their 
length neatly in the magnetic meridian, and are thus apt 
to mtro(lucc‘ eriois in the readings of compasses in then 
vicinity This waining applies particulatly to large 
objects hke ships, girders and large guns , but even small 
articles of iron, such as some buttons or spectacle trames, 
when close to a compass, may cause quite a serious 
Borne forms oi rock, especially dark-coloured basalt, are 
strongly magnetic, and large dtsturbmg effects are caused 
by the strong electric carrents used m connection with 
electric tramways and railways when the system is 


direct-current one« , ^ r. 

Precipitation ~A term honowedfrom chemishy to 
denote any one of the results of the 
invisible water- vapour to visible 
prising not only ram, hail, snow, sleet, dew, ' 
and rune, but cloud, mist and fog In a«^tiosit in 

the use of the 'woid is limited to ^PP^^^h, stirfaoe 
either the solid or the liquid form ^ the ® 
the definition of “ Day of preoipitetion f 

with that of Rain-DAT {q v) At f ^ 

for appreciable deposit of water in the g g 
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result from precipitation of cloud, mist oi fog, but in 
mountainous districts -wet-fog and ScOTCH-MiST (qv) 
are responsible for a considerable quantity of “ rainfall ’’ 
bee Kain, Hail, Snow, etc 

Terrestrial —Radiation is 
the process by -which heat is transferred fiom one body 
to another without altering the tempeiatiiie of the mter- 
vening medium All life upon the eaith and all meteoro- 

1 ‘l^P^J^dent upon the radiant heat 

ana light received from the sun See INSOLATION 

always radiating into space, and 
coring to Stefen s law the rate of radiation is given 
^ \ T IS the absolute temperature and tr a 

constant During the day normally the eaith receives 
directly fiom the sun and indirectly from the atmosphere, 
including the clouds, more radiation than it gives out 
At night the reverse is the case The rate of loss of heat 
trom a plate freely exposed at the earth’s suiface at night 
tells us the balance of loss, le, the excess of the earth’s 
radiation outwards over what it receives fiom the atnios- 
pliere With the aid of Stefan’s law we can form an 
estimaiiop. of relation received from the atmosphere 
According to Professor Millikan, who has recently 
reviewed the literature of the subject, the most probable 

formula in watts pei sq cm 
is 5 72x10 “, or m gramme - calories pei sq^ 

radiation at 288a 
gives 77(288) 10~ or 0 53 gramme-calories per sq 
per minute, and similarly for any other temperature 
Conubming this with observations of the balance of loss 
^pCTienced at different heights at different temperatures, 
we have the following results, the heat-data being in 
giamme-calones per sq cm, per minute — 


cm 

this 

cm 
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aai 


Height (metres) 

440 

950 

3100 

3100 

Temperature absolute 

r88 

267 

261 

271 

Balance of loss 

0 13 

0 15 

0 20 

0 20 

Radiation by Stefan’s law 

0 53 

0 39 

0 36 

0 42 

Radiation received from at- 
mosphere 

0 40 

0 24 

0 16 

0 22 


Recent expeiiments by Andeis Angstrom show that 
aqneous ■vapour exeicises a potent influence m reducing 
the balance of loss of heat by nociurnal radiation 

In a paper read before the Royal Meteorological society 
in February, 19 1 7 , and published in the Quarterly Journal 
for April, Mr W H Dines, F R S , gives the following 
values for the amount of solar radiant energy absorbe 
and reflected by the earth and its atmosphere, and oi 
radiation of the earth’s heat and its absorption and 
transference 


The values are expressed in gramme-calories per sq 

centimetre pei day , 

Radiant energy received by the earth per day 
(An amount capable of warming the 

atmosphere 3 a per day ) a 

Radiant energy absorbed by the earth per day , 
for the whole earth 

(The Callendar instrument at the Meteoro- 
logical Office gives about 200 , Hann gives 
166 for Kiev ( 50 °N) , and 46 tor Tanren- 
berg Bay ( 79 “N ) , 300 is the vrfue for 
London at the beginning of May or August ) 
Radiant energy absorbed by the air - • 

(The value seems low, but there is no 
obseirvat}onal evidence against it ) 


730 


300 


60 
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Outwdid laduium iroin tlie ©ditli 500 

(Obtained by tismiy the moBfc probable 
value oi a ni Stetan’s law [^vtcie supra] ) 

Heat radiated by earth reflected back by 
atmosphere (50 

Heat radiated by earth absoibed by atmosphere *560 
Heat radiated by earth transmitted beyond the 
outer limit of atmosphere cSQ 

Transference of heat fiom earth to air 200 

Hadiation from air downwaids 340 

Radiation from an upwards 280 


Effect of the whole dady sola) radiation when applied to 
raise the tempi i aiure of the air m the first 2 and 3 
Jems of the atmosphere 


According to Angot (quoted fiom Hann) the following 
are the proportionate values of the solar radiation pei 
cm^ in each latitude 


0° 10° 20° 30° 40° 

350 345 331 308 277 


50° 60° 70° 80° 90° 
240 199 16b 150 14;) 


If the value of the solar constant be taken as 2 gramme- 
calories the daily receipt of heat per cm strip on the 
equator is 2r x 2 x 60 x ^54 where r is the earth’s radius, and 
the receipt per cm^ per day is 2r x 2 x 60 x 24 / 27 r; =916 


The amounts for each 

0° 10° 20° 30° 
916 901 869 807 


latitude are therefore — 

40° 50° 60° 70° 
725 629 521 435 


80° 

393 


90° 

380 


liking a mean pressure of 1014 mb the water-equivalent 
of the atmosphere is a layer of water 250 cm deep, hence 
dividing the above numbers by ^250^ the number oj 
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t!itU tin' whoio nuliaiioii ii:> capable of laising ibe 
wholt^ aliii<*Bphi‘rt* ib given below for each, latitude 
tr to %y 3(r‘ nr 50" 60° 70° 80° 90° 

:b7 ,h; b5 :i2 ^29 25 21 1 7 1 6 1 5 

With a tnean nurface tempeiature of 288a and a lapse- 
of Oa per k tho percentage of the whole quan- 
tity of air tound under Ik height is Ho, under ^k: 
21*7 and under k» 30 8 The amounts for each latitude 
are ahown in the following table, the figures indicating 
the lutto of temperature in degrees that would occur it tne 
whole aolai radiation were concentrated m the layer an 
no loss of heat occurred. 

0“ 10“ a0“ 30“ t0“ 60“ 60“ 70“ 80“ 90 

ITndw 1 k 32 r, 82 0 30 8 28 6 r) 7 22 8 ^ ^ ^ 0 

lTn(l<.r 2 k '<> » '« « 1« « H 9 « ? 5 7 6 1 I 9 

a k. .. ll 9 U 7 11 3 10 5 9 4 8 2 6 7 5 7 5 i 

Th« above figures represent °Xes“lnd 

clonsity. A fall of pressure will increase ^ 

wo alHO will a rise of temperature, 

temperature a smaller proportion of the ^XlrSitmS 
will be found m the given layer The mean conditions 

hel Un about latitude 40“ , in the cfif 
4 per cemt. must be added to the values, and in latitude 

55" some 4 i)er cent deducted 

4'he values given are interesting, but it 
membered that the whole solar 'Xotortion oT^ 
the lower strata, probably about the same as 

whole, also as the loss per 24 average 

the gain m the 12 X™ of tmneie! 
above the honsson, the n yalues given in 

from conveciion, would be only bait u 

the table, 
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S'ize and Rate of Fall of Raindi o2)s 

— The size of ramdiops can be measured 
If, foi example, a shallow tray containing dry plaster ot 
Pans IS exposed for a few seconds during ram, each drop 
which falls into the tray will make a plaster cast of itself 
which can easily be measuied A better method is to 
collect the drops upon thick blotting paper If, while 
still wet, the paper is dusted over with a dye powder a 
permanent record will be obtained consisting of circular 
spots whose diameter is a measuie of the size of the drops 
By companng the diameters of the discs pi od need by 
raindrops with those pioduced by drops of water of 
known size, the amount of water contained in the former 
can be found The following table contains some lesults ob- 
tained by P Lenard in this way at nine different times — 


Drops 

1 








— 

Diameter 

Vol- 


No of drops pel m 

' per second 




ume 










mm 

m 

mm ® 

(1) 

( 3 ) 

O) 

(0 

( 5 ) 

(^) 

C 7 ) 

(8) 

(‘0 

o 5 

019 

0 066 

1000 

1600 

129 

60 

0 

100 

514 

679 

7 

I 0 

039 

0 523 

200 

120 

100 

280 

50 

1300 

423 

524 

233 

I 5 

059 

1 77 

140 

60 

73 

160 

50 

500 

3';9 

347 

113 

2 O 

079 

A 

140 

200 

100 

20 

150 

200 

138 

295 

46 

2 5 

098 

8 19 

0 

0 

29 

20 

0 

0 

156 

205 

7 

3 o 

118 

14 2 

0 

0 

57 

0 

200 

0 

138 

81 

0 

3 5 

138 

22 5 

0 

0 

0 

0 

0 

0 

0 

28 

32 

4 o 

157 

33 5 

0 

0 

0 

0 

50 

0 

0 

20 

39 

4 5 

177 

47 8 

0 

0 

0 

0 

0 

200 

lOI 

0 

0 

5 o 

19c .65 5 

0 

0 

0 

0 

0 

0 

0 

0 

25 

Total number 

1480 

VD 

0? 

0 

486 

540 

500 

2300 

1840 

2190 

0 

0 

Rate of rainfall 
(mm /mm ) 

0 09 

0 06 

0 ri 

0 05 

0 

“1 

0 72 

0 57 



0 34 

0 26 
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(i) and (2) refer to a ram ‘‘looking very ordinary” 
vkich. was general ovei the norlli of Switzerland. XnQ 
vind had freshened between (1) and (2). 

(3) Ram with sunshine-breaks 

(4) Beginning of a short fall like a tlnindershowei*i 
Distant thnndei 

(5) Sudden nun fiom a small cloud Calm, sultry 
Detore 

(6) Violent lain like a cloudburst, with some hail 

n\ (8) and (9) are for the heaviest peiiod, a less heavy 
period and the period of stopping of a continuous fall 
which at times took the form of a cloudburst 

We see then that in a general rain, such as the i^ormal 
type which accompanies the passage of a depression wer 
Northern Europe, by far the greater number of drops 
have a diameter of 2 mm or less In short showers, 
especially those occurring during thunderstorms, 
frequency of large drops is much g e 
sho wers the diameter of the largest drops appears to be 
arout 5 mm We shall see later that 
the size of diops determined 

possible foi a drop, whose diameter exceeds 55 mm. 

lather less than a quarter of an obiect, can 

Tbe late at wbxcb a raindrop, or any WhAn let 

f.U thro.g. .till a.r depend, npo. 
fall Its speed will increase until t^ a 
eictly equal to the The manner in 

at that steady speed (see j ^ called, vanes 

wbicb tbis terminal volocity^- . frvilnwmfit 

wfth the size of the ramdrops is shown m the foUowmg 

table, dtie to Lenard 
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Terminal Velocities oe Water-drops falling 
IN Air 


Biametei 
of diop 

Terminal I 

Velocity 

Diameter 
of drop 

Terminal 

Velocity 

mm in 

0 01 0 0004 

01 0 0039 

05 0 020 

10 0 039 

15 0 059 

20 0 079 

25 0 098 

m/s mi/hr 

0 0032 0 007 

0 32 0 71 

3 5 7 9 

4 4 98 

5 7 12 6 

5 9 13 2 

64 1+3 

mm m 

30 0 118 

35 0 138 

40 0 157 

4 5 0 177 

50 0 200 

55 0 216 

m/s mi/lir 

69 15 4 

7 4 16 5 

7 7 17 2 

80 17 9 

80 17 9 

80 17 9 


We may look upon Hue table in anothei way Tlio 
frictional resistance oflEeied by the air to the passage of a 
drop depends upon the relative motion of the two, and it 
whethei the drop is moving and the 
nnrl ® moving and the diop still, or both an 

and drop moving if they have diffeient velocities The 
velocities given in the tables are those with which the an 
in a vertical current must rise in oider just to keep the 
diops floating, without rising or ialliiig The above 
tdv^h’ “ detei mined by Lenard in 

cuneSn^I ®''P®iiments with vertical an- 

cuiients on drops of known size We see that beyond a 

certain Pmnt the terminal velocity does not increases with 

the rpsnii ®P^®a'ling out hoiizontally, with 

SLter^fbSn * Si air-resistanee is increased For diops 
bieater than 5 5 mm diametei, the deformation is 
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Butfacient to make the diops break up before the teiminal 
velocity IS reached 

An impoitant consequence of Lenard’s lesults is that no 
ram can tall thiough an ascending current of air whose 
vertical velocity is greater than 8 m/s In such a current 
the diops will be carried upwards, either intact oi after 
breaking up into droplets Theie is good reason for 
believing that vertical currents exceeding this velocity 
frequently occur m nature 

On account of their inability to fall in an air current 
which IS using taster than then limiting velocity, lain- 
diops foinied in these currents will have ample oppor- 
tunity to incioase in size, and the electrical conditions 
will usually be favourable foi the formation of large drops 
These laige drops can reach earth in two ways , either by 
being earned along in the outflow of air above the region 
of most active convection, or by the sudden cessation of or 
a lull in the vertical curient The violence of the precipi- 
tation under the latter conditions may be particularly 
disastious (See also Cloudburst and Hail ) 


Elects ifioahon of Waterdrops by Splashing 

11 diops oi water are allowed to splash upon a metal 
plate the water acquires a minute positive charge or 
electncity, and an equal negative charp is shared by 
the plate and the an contiguous to the splashing drop. 

IS possible to show this by means of delica,te apparatus 
The largest charges are found when distilled water is 
used, and even small amounts of dissolved substances m 
the water make a considerable difEeren^ to the 
obtained With sea-water, indeed, the effect is 
the water becoming negatively charged after splashing 
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The presence of a solid obstacle to cause splashing is not 
anally necessary to produce the separation of electricity 
* of a jet of water mto spray and the 

splitting of laige drops of water in a current of air 
produce similar effects The last-named case is of par- 
ticular importance in meteorology because it forms the 
basis of the theor^’^ put foiwaid by Dr G C Simpson to 
account for the production of the enormous electrical 
stresses in the atmosphere which precede the discharge of 
lightning m thundei storms 

The first necessity for a thunderstorm is the foimation 
or a cumulus cloud, and this requiies an ascending current 
or an In ascending the air expands and gets rapidly 
cooler, With the result that befoi e long the water- vapour 
m the air begins to condense and foim visible droplets 
The cloud IS, in fact, the visible result of this condensa- 
tion Once formed, the drops rapidly increase in size and 
would ordinarily fall as ram But if the ascending 
current is sufficiently violent the raindrops will not be 
able to fall through it, but will be cairied up with the an 
i-he vertical velocity required to hold up drops of all sizes 
18 8 m/s , and there is no reason to doubt that such 
currents can easily be produced Now in such a curient 
it IS impossible foi a drop to grow beyond 5 5 mm in 
<hameter (see Size and Rate of Fall of Raindrops) At 
that point it becomes unstable and divides into droplets 
These in their turn go through the same process of 
growing and dividing Each time a division occurs the 
droplets gam a positive charge, and the air which is 
carried up with the current gams an equal negative 
charge In this way the waterdrops m the legion of the 
ascending current rapidly become very highly charged, 
and as soon as the potential gradient an^wheie amounts 
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to 30.000 volts/cm a lightmng-flash. will occm Although 
tlie charge produced by a single dinsion is very small, we 
liaYe only to suppose that the same quantity of water may 
take part in many hundieds of divisions and there is 
nothing impi obable in this — to be able to account for the 
production of sufficiently high potentials 

The negatively charged air will be carried right to the 
top ol the column and there dispersed Its presence 
should be shown by a negative charge on the i am which 
falls some distance from the storm-centie, while that 
falling near the centre should be positively charged feuch 
observations as exist tend to support this conclusion or 
the theory 


Regression Equation —A regression equation shows 
the most probable form of the relationship between two 
warying quantities insofai as such relationship he 
definitely determined from the set of statistical data on 
which it IS based It is formed from the corrmation 
co-efficient and the matter is best explained by an 
example. See also under COBRBLATlOlf 

The strength of the wind and the steepness of the 
barometric gradient at the same time and place are closely 
related, and a i egression equation be formed between 
them Let W denote the strength of the wind, its 
mean value, and S W the departure fiom the mean, and 
let G, and o G be the corresponding values for tne 
steepness of the gradient Then if the gradient is known 
the strength of the wind is given by a regression equation 

m the form ^ ^ , 

W = + a ^ « 

In this equation ^ will m geneial have some value, posi- 
tive or negative, diffeimg on each occasion, and the a wi4 
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i t.<lUdicB oL Ulo £’a will be 

possible Ihe IF, o G and £ aie variable 
hi-oTT f T’ ^ constant It is nsual, ior the sake o± 
hp write the equation o W = a o but it must 

T-pai/i € has been omitted , e is called the 

r^prm?^ ^ ofteu fairly lar^e, it is not 

permissible to write ^ R = ^ Wjd 

errors involved in a i egression equation 
XI. general only be found at all 

T*aci A ^ 7 number of observations is large The 

f * may be as large as the teim a c G unless 
co-efficient is nearly 1 or - 1 When the 
t ^ nothing , also, when the 

known to be large (it cannot be proved to 
observations) the value of a can be 

wT greater certainty than when the correla- 

non co-emoient is small 

examples all dependent on 
tairly high correlation co-ef&cients 

Thickness of TROPOSPHERE = 10,600 + 113 2 P„ metres, 
where P , denotes the pressure of the air at a height 

H.jl7p.?Sr= IsTITi ' 

rartofEnttod) ™ ■" 

Number of deaths in England during Julv August and 
September = 150,000 + 7,200 ST, ^ august ana 

where T denotes the mean temperature in degrees 

that thT^w August (On the assumption 

that the present population is forty millions.) 

Scoteh-Mist —In mountainous oi hilly reo'ions ram 
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piecipifctition talvef^ place m the fonii of minute watei- 
diopn, tho apparent ofToGt being a combination of thick 
juiBt and heavy drizzle 

The upland charactei ol the gieatei part of bcotlancl 
and the consequent fi*e(|uency ot occurrence of the phe- 
nomenon in that country have secured lor it the appella- 
tion l)A which It IS generally known m the British Isles 
The" base ot a tine nimbus oi ram-cloud larely exceeds 
about 7,000 it (2 1 k) m elevation, and sometimes 
descends to within a few hundred feet of sea-level, so that 
Scotch-mist may be experienced in comparatively low- 

lying regions , 

In the uplands of the Devon-Oornwall peninsula tne 
same phenomenon, which is there of very frequent inci- 
dence, IS known as “ mizzle.” 


gl00-t; — Precipitation of rain and snow togethei or of 
partially melted snow In America the name '‘sleet 
IS used for small dry pellets of snow which might he 
classed as soft-hail Sleet is, perhaps, snow that passes 
through a stratum of comparatively warm air (see 
Inversion) and, undergoing paitial liquefaction therein 
to an extent varying with the temperature and thickness 
of the layer, leaches the ground m a semi-liquid con- 
dition If the stratum of warm air is not adjacent to the 
ground, and il the suiface temperature is below the 
freezing-point, a phenomenon similar to GLAZED nnoST 
(qv ) may result, the re-freezmg of the half-melted snow 
occasioning the formation of alaj er of ice on all objwts 
exposed to the precipitation Marked y 
occurred in London during the winter of 191b-iyi/, ana 
load traEac,andin some cases exen rail-locomotion, was 
rendered difficult oi impossible. 
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form of fedtheiy xce- 
1 °*^®’’ ice-piecipitation are the powdery 

’o or needles which aie commonly experienced 

tons intensely cold weather on mountain 

stormf^n legions— m the snow- 

t-hT^^o '^^loli tlie “ Blizzard ” has become 

whiS “ graupel ? , snow in 

Loiic needles are agglomerated to form minute snow- 
balls, sometimes striated in texture, which bieak with a 
leachmg hard ground, and true hail, which 
began as ram frozen and sustained in lapidly-ascending 
< iirients of dynamically cooling an Snow may perhaps 
° f ® congelation of water-vapour, 

pslni 1 intermediate liquid-state being the 

S difference between the hail and snow processes 
bnow flakes are formed of one oi more ice-ci ystals arranged 
hexagonal patterns of which there is an 
^most infinite vaiiety Many are figured as photo- 
w Mmthly Weathei Eeview of the 
A w “i.i ^c^^her Bureau, Washington, foi 1902 (W 
1 ®y) When snow falls with comparatively high 

temperature the flakes are smaller, and with the thermo- 

w? Bahienheit scale, 

*^®‘^-dust” or “ice-needles”, fine ice- 
fpfS or needles also chaiacterisethe deposits which are 
foggy, frosty weather, particularly on mountain- 
tops, where wreaths of such crystals sometimes grow out 

wuT i ^ low-power microscope . it 

3 f constituent “spiculse” 
which in 60 degrees to its fellows tL ratio 

Which an ipch of raip bears to an jqch of ppow depends 
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upon the density of the snow , as a rough approH^tron 
for the most common kind of snow a ratio of la to i is 
usually taken in this country In exceptional cases tue 
divergences from this value are very wide mdeeO , 
according to Colonel Waid, the range may be from about 
5 to 1 to about 50 to 1-that is to say, a 
the ground may yield, when melted in the eain-GAUGE, 
the water-equmlent to 2 4 in of ram at the one e^trem^ 
or to 0 24 in at the othei One foot of snow to one inch 
of rain is, however, a convenient generalisation 

Soft-Hail — The English teim for the form of ice- 
precipitation known in German as Graupel I* ™ 

reality of pellets of closely 
sometimes striated m textuie, and thus falls 
category of snow rather than under hTcnts tm 

colMing with any hard substance, soft-hail breaks up 

hail, the form of which is not affected by the , T 

French equivalent for “soft-hail or graupel 
“ gr4sil ” 

Sun-dial -Little use IS There 

hmo except as an oinament for the garden, inei 

Sf™™ forms, the »t 

slab upon which a rod or style, called t g jj^^yj^ontal 
up in the astionomical meridian, ^ccl other 

at an angle equal to the latitude of the 
words, parallel with the earth s axis j ,_,ggQ~aved 

the shadow of the style at each Lout c the style 

nrinn the slab When the vertical plane througn tne s^y 
upon tne siao oftpY* annlving a correction 

lies correctly in the meridian, after pp y » , ,, 

for the EQUATION OP TIME (j ,;), such a dial Will give 
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mean solar time wlieDeTer the snn is visible To obtain 
Mean Time a constant coriection must be 
applied depending upon the longitude of the place, 
jici of the length, of the shadow as well 

and indicated, 

^ elaborately graduated as a perpetual 

calendar as well as time-keeper 

til caused by the intervention of 

Witlf between the sun and the earth’s surface 

darkness would set in sharply at the 
at snnntr^ suiiset, and would give place suddenly to light 

dist^l h^lm?!. 1® some 

aium,n.Jfi *^i® theupper laj ers of air are all eady 

of ^ 1’ reflecting light to us The amount 

the diminishes as the sun’s distance below 

Sflecw ®T®’ '"^^^ause higher, and so less stiongly 
ecting, la>eis alone are in direct sunlight 

TwihSi?^hl®t?® century the period of Astronomical 
daTtna ’ sunset and the onset of » complete ” 

dmkness, was determined as ending when the sun is 18 ° 

bv ?aTe?o\^°"T’ been mod fled 
fhe «oU If we assume direct reflection as 

+u f’^®® twilight, this value, 18 °, would indicate 

lS bifoi appreciable amount of light 

ever the fmht Twilight, how- 

j 6 iignt has become insufficient for orrln'iivxr 

employments, hence another period^ C?wl Twilmhr ,s 
lecognised, ending when the sun is about 6° below the 

Jsz'SrsrSt *»■ 

Th, dumtion of twU.gU a.poodo on the ...son and Iho 
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latitude At mid summer the sun is North 
equator Hence within the Arctic circle, latitude 

do°— -23V=66i°, the &nn never '^ets, so thab theie is no 
twilight Between the Aictic cucJe and latitude 

90°— theie is a belt with no tiue night, 
twilight extending trom sunset to suniise At midwmtei, 
in the Arctic circle, the sun does not rise, but up to lati- 
tude 90°— 23F + 18°=84i°, there is an alternation between 
twilight and night Noith of 84^° there is continuous 

At London (latitude 51^) Astronomical Twilight has a 
minimum duration of about 1 hour 50 minutes on Marcm 
1st and October 1st, with a secondary maximum in mid- 
winter of just ovei 2 hours, and lasts all night at mid- 
summer ^ 

At, the Equatoi the minimum duration is 1 hour J 

minutes, the solstitial maxima 1 hour 15 minutes 

Civil twilight at the Equator vanes between 21 and 22 
minutes, at London it has minima of 33 minutes in March 
and October, maxima of 40 minutes m December, and 45 

minutes m June , , , ^ i x x, 

The duration of either twilight at any latitude and 

season may be found by using the equation 
Sin g — Sin <j) siu o 
cos h = ■ cos ^ cos ^ 

where h = sun’s houi angle from the meridian, 
a = sun’s altitude, 

(f) = latitude, 

3 == sun’s declination, a . i 

fi = — 50' at beginning of twilight (allowing fot sun s 
semi-diameter and refraction), , j, , 

!! 6° at end of civil, and - 18” at end of astio- 

noniical twilight , 
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thus to find duration of civil twilight, find cos li for the 
two cases, a = — 50' and a = — . 6°, convert the two values 
of n to time, and the difference is the lequired duration 

The intensity of twilight depends to some extent on 
moud, dust, haze, or other obscuiity in the atmosphere 
higher layers, as in the case of the sunsets of 
1 000-5 (after the eruption of Krakatoa), may much 
increase the intensity of illumination during twilight, by 
increasing the refiected light In a cloudless sky the 
intensity falls off rapidly at first, then more slowly from 
about 35 foot-candles at sunset to 0 5 foot-candles at the 
end of civil twilight, and to 0001 toot candle at the end of 
astronomical twilight These intensities are to the light 
of the full moon m the zenith as 1750, 25, and 005 
respectively to 1 

The optical phenomena of twilight occur in the follow- 
ing sequence , for explanations, reference should be made 
to the coriespondmg articles in the Glossary As the sun 
sinks towards the horizon it is shining through an 
increasing thickness of haze and dust-laden ain and 
scattering (see Blub of the Ski) causes less and less of 
the blue light to reach us, -so that the sun appears iii- 
CTeasingly red A yellow band now appears on the 
Western horizon, extending for about 60° to either side 
of the sun Gradually the yellow deepens to orange oi 
red as the proportion of blue decreases As the sun passes 
below the horizon the pink Twilight Arch (better 
called the Anti-Twilight Aich) rises from the Eastern 
horizon, the space under it being strikingly darker than 
the rest of the sky While thisarch is using m the East 

OKO ^ w appealed at an altitude of about 

^0 in the West, above the point of sunset This light 
attains its maximum intensity when the sun is about 4° 
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beidw the hdiizoii, and disappears on the Western horizon 
when the sun is about 6 *^ below, at the end of Civil 
Twilight Just befoie its disappearance the purple light 
has become a narrow arch over the yellow glow neai the 
horizon and thus forms the ‘‘ Western Twilight Aich ” 

The purple light is often seen to be intersected by dark 
blue stripes radiating from the position of the sun These 
aie the shadows of clouds on or below the horizon, and 
are fiequently called Crepuscular Rays On very cleai 
nighis a second dark segment in the East and a second 
Purple Light m the West may be observed 

Evening conditions have been assumed above, but 
obvious mveisions make the discussions applicable to the 
mornings 

Vortex — A special form ol lotator^ motion in fluids 
TVo forms of vortex have figured much m mathematical 
literature, the voitex-img and the long straight vortex, 
and both aie believed to be represented in nature The 
mathematical vortex-iing m its simplest form is shaped 
like a perfect anchor-img oi hoop, whose circular aper- 
ture IS very laige compared with the diameter of the 
circular wiie^of which it is composed The cross-section 
of the material of the ring— a liquid or gas— is every- 
Avheie a circle of ladins e, and the centres of all these 
circles lie on a larger circle, the aperture, of radius a 
Theie is complete symmetry round the axis, 2 e , the per- 
pendicular to the plane of the aperture through its centre 
Any plane through the axis cuts the ring at right angles 
in two circles of radius e, situated at opposite ends of a 
diameter of the aperture If we take any one of these 
circular sections the liquid within it is everywheie circu- 
lating round and 1 ound within the circle In the simplest 
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case itH loUtioiial velocity incieaseB as its disUnce Iroiu 
tlio centre, wheie it vanishes But in addition to this the 
ring moves bodily Ir it is alone in an inhniie liquid, its 
centre travels in the diiection of the axis, with a uniform 
velocity which is greater the greater aje 

Ihe stiaight voitex in its simplest foiin is a right 
ciicular cylinder, oi pencil-shaped body, and if the 
vorticity IS umfoim over the cross section— the simplest 
round with a velocity pioportional 
to th^ distance horn thecentie of the section, le.iho 
liquid toiming the vortex turns lound exactly as il it weie 
a rigid body A solitaiy straight voitex in an infinite 
Uquid has no inherent tendency to tianslatoiy movement 
foiming the vortex simply goes on spinning 
round the axis of the cylinder , the liquid i ound it also 
rotates round this axis, but with a velocity which dimin- 
ishes as tlie distance from the voitex increases 

The assumption ordinal ily made that the liquid is 
infinite means that every part of the vortex is remote 
trom a boundary But some forms of vortex motion are 
possible in presence of a plane boundary, and a sphere 
whose radius is large compaied with the largest dimension 
treated as a plane A*vortex rino* 
with its apertuie parallel to a plane boundary behaves a*s 
It face to face in an infinite liquid with an equal “ image ” 
voitex, whose distance is double that of the leal vortex 
from the plane The two voitices repel one another 
Again a theoretically possible case is that presented by the 
half of a complete vortex-ring— cut in two, as it were, by 
the boundary— the plane of the apeituie being perpen- 
boundaiy The motion would bo the sami> 
as if the ung were leally complete and no boundaiy 
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existed Similaily there are two possible cases oi a 
straight vortex m presence of a plane boundaiy The 
vortex may be parallel to the boundary The conditions 
are the same as if it were in an infinite liquid facing 
another equal vortex — in which the spin is in the opposite 
direction — the distance between the two being double the 
distance of the real vortex fiom the boundary The 
vortex tends to move parallel to the boundary, in the 
direction perpendicular to its own length In the second 
case the vortex is perpendiculai to and abuts on the 
boundary , it then behaves as if it extended to infinity on 
both sides of the boundary, and so has no inherent 
tendency to translatoiy movement Whether the vortex 
be straight or ring-formed, an essential feature of the 
mathematical theory is that the liquid, once incorporated 
in the vortex, remains in it The beginning and ending 
of the existence of the voitex are events outside the 
compass of the mathematical theory 

Yortex rings aie easily cieated by human agency A 
diop of one liquid falling into another suitable liquid 
forms a vortex-ring, and smoke-rings are familiar to most 
people Whethei they occur in nature is a moie difficult 
question Delicate optical measuiements suggest that 
sunspots aie whirls of electrified gases It is noticed that 
sometimes sunspots move in pairs, and that the whirls in 
them deduced from the optical measurements aie m 
opposite directions It has been suggested that we have 
here leally to do with the hoiae-shoe oi semi-ring vortex 
The two sunspots represent the portions of this which 
are nearly perpendiculai to the sun’s surface, and the 
connecting or crown portion extends into the more 
rarefied solar atmospheie and is not lecognisable fiom the 
earth This is merely a speculation, but the possibility 
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of a similar phenomenon m the eaith’s atmosphere may 
he worth consideiing 

What seems to be at least an approach to the long 
straight \ortex is exemplified by water spouts and by the 
dnst-whirls sometimes seen on warm days But the 
common belief that it is also exemplified by the ordinary 
cyclonic stoim does not seem well founded The belief 
is mainly based on the fact that the isobais during a 
cyclonic storm aie often roughly ciiculai The diiection 
of the wind, it is true, at some height above the ground, 
approaches that of the isobars But the centre of tht‘ 
storm, the centre of the system of isobars, is not 
stationary but moves with a velocity compaiable with 
that of the wind itself The actual path of the an is 
complicated It is carried from without into the cyclone, 
but does not remain in it The mathematical vortex, 
on the othei hand, is composed of the same fluid from 
start to finish The mathematical voitex, moieover, 
IS a long thin body like a pencil An ordinary 
cyclone, even supposing it extends some distance into 
the stratosphere, is a disk-like body, the height of which 
IS small compared with its diameter Again, in the 
straight mathematical vortex the velocity lound the axis 
is the same at the same axial distance in all cross sections 
Ordinarily the wind increases in velocity with the height 
above the ground Supposing the core of a cyclonic voitex 
originally vertical, unless the motion of translation were 
the same at all heights, the core would depart more and 
more from the vertical, and^ judging by what happens 
with water-spouts, dissolution would soon ensue 

The conditious compatible with real vortex motion in 
a cyclone are that the velocity should be independent of 
the height, that the horizontal diameter of the body of 
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ail possessing the motion should not be large, and that an 
unchanged body of air should have the tianslational 
velocity shown by the isobars The necessary conditions 
are ceitainly not fulfilled near the centre of the ordinary 
large cyclonic stoim They seem much more likely to be 
encountered m the small “secondaries” that are some- 
times met witli on the outskirts of large depressions, or 
in the whirlwinds that occasionally leave a long narrow 
track of devastation It is di&cult to ascertain the exact 
meteorological conditions attending these special disturb- 
ances A weather map, to show them satisfactorily, 
would have to be of exceptionally open scale and based 
on an unusually minute knowledge of local conditions 
One or two cases of real vortical storms do seem, howevei, 
to have been observed in the British Isles, notably a 
storm on March 24, 1895, which caused much damage to 
trees in the Eastern Counties 

Wind Rose —A diagram showing, for a definite 
locality or district, and usually for a more or less extended 
period, the proportion of winds blowing from each of the 
leading points of the compass As a rule the “lose ” in- 
dicates also the Stiength of the wind from each quarter, 
and the number or propoition of cases in which the an 
was quite calm 

The simplest form of wind rose is represented by the 
accompanying figure, in which the number or proportion 
of winds blowing from each ot the principal 8 points of 
the compass is represented by lines converging towards 
a small circle, the proportion of winds from each direction 
being indicated by the varying length of the lines The 
tiguies m the ciicles give the number, or percentage, of 
casts in which the an was calm 
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A “rose” may be, and occasionally is, devised in 
such a manlier as to indicate the relation of other meteoi o- 
logical phenomena, such as cloud, lam, fog, &c , to the 
direction of the ^vmd As a lesult of an investigation 
recently undertaken in the Meteorological Office a senes 
of roses has been constructed showing that on the western 
and southern coasts of the Biitish Islands the bulk of the 
fogs expeiienced are sea fogs, % e , they occur with winds 
blowing (sometimes with considerable stieiigth) from the 
surface of the ocean On the north and east coasts summei 
fogs also come from the sea, but wintei fogs more often 
from the land The “roses” show further that ovei the 
inland parts of England the fogs aie ladiation fogs, and 
are accompanied by calm oi very light winds blowing 
from various quarters 

The publications of the Meteorological Office have in- 
cluded from time to time wind roses of vaiious designs 
Specimens of these aie reproduced on the two succeeding 
pages 
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Irregularly shaped 
eas around outside 
:cle indicate relative 
evalence of Wind 
om various directions 
Radial lines converg- 
» towards central 
ea indicate Wind 
irce 



Shaded portions ot 
outlying aieas indicate 
prevalence of 6rales 
Small central circle 
indicates by its diameter 
the proportion ot 
Oalms 

Stai points aiound 
this circle indicate by 
their length the num- 
ber of observations 


*£producedfTom “ ChmU of the Oman District adjacent to the Cape of Good JSope^'^ 
published tn 1882 ) 


Axrows fly with the 
ind towards centre of 
agram 

Frequency r of Wmd 
om each direction is 
dicated by length of 
row* 



Force of Wind is indi- 
cated thus — 


Liffht, Moderati, Strong 
Figures in centre of 
diagram indicate percent- 
age of Oalms 


imilarto Wind Roses published in cnrrem issues of Monthly Weather Report and 
m “ Monthly Meteorological Charts of North Atlemtic and Mediterranean ”) 


Conversion Tables. 


355 



oo w o\\ji 

to tj-l 

g) CO CO 
w 

W ONNO M ON 
NO NO OO 

CO CO CO CO CO 

NO CO O NO CO 
ON O M M d 
CO d" d* d- 

O Cs> CO O i> 
CO CO d- vn vn 
d- d- d- d- d- 

1 d-w I>- d-M 

NO i>. C'.oo ON 
d* d* d* d- d- 

^ W xf-vo oo 
o 

CO 

O « -cl-NO OO 
NO 

o 

CO 

O M d-NO oo 
c>. 

O 

CO 

O d d-ND 00 
00 

O 

CO 

d d-NO 00 

0 

CO 

ONVO CO 0>V0 

vovo Jt'»oo 

g M M M M 

CO O NO CO o 
On O O H <Sl 
M CSl N Ci| 

f^coOJ>^d- 
d CO d- d* VO 
Cl d d d 

M d- M OO 

NO NO Jr>.00 00 
d d d d d 

d- H 00 vn d 

ON 0 0 M d 

d CO CO CO CO 

1 

g w (fo 

O 

CO 

O <M 'd-NO 00 

M 

o 

CO 

O d d-NO oo 
d 

O 

CO 

O d d-NO oo 

CO 

O 

CO 

d d-ND 00 

0 

CO 

o V£} CO o JL 

ON Q M M 
On ON Q O O 
ON 0 

"d- O JC^ 'd- M 
w CO CO -d- vn 
O O O O O 

d- w OO d- 
VONO c-* Jt>.oo 

O O O O O 

M 00 to d 00 
ON ON o M W 

O O *-* M w 

vn d ON vn d 
d CO CO d- vn 

H W M M 

O W -cj-vo oo 

VO 

ON 

w 

O M d-NO 00 

NO 

ON 

M 

O d d-NO oo 

ON 

d 

O d d-NO 00 
00 

ON 

d 

0 ^ d d-NO 00 

ON 

d 


O Jt> -tI- H J>. 

W « CO 'Ch 

oo 00 00 00 00 

ON 

d* M 00 VO M 

vnvp NO i>*ciO 

00 00 W 00 00 

00 VO d 00 vr> 
00 ON O O M 

00 00 ON ON ON 

I d ON vn d ON 
d d CO d- d- 
ON ON ON On On 

NO CO ONNO CO 

vnvo NO ^>.00 

ON On ON On On 

g w •ch'sO 00 

PN 

w 

O cq d-NO 00 

M 

ON 

N 

O d d-NO OO 
d 

ON 

d 

O d d-NO 00 

CO 

ON 

d 

^d d-NO 00 

ON 

d 

M oo VO M oo 

VO VOVO ■!><. J>S. 

NO VO NO MD VO 

ON 

VO w oo 1.0 c? 

00 ON ON o M 

NO NO VO JC>- t>. 

ONNO d ONNO 
t-Hdcocod- 

fN. t>. !>. 

CO ONNO CO O 
vn vnNO ir^oo 
t'>* .t>. X>» 

NOcoOJ>.d- 
00 ON 0 b M 

JT- 00 00 

O « "^NO OO 
\n 

OO 

w 

^ W d*NO 00 

00 

O d d-NO 00 

00 

d 

28 80 

2 

4 

6 

8 

0 ^ d d-NO 00 

00 

d 


w 00 VO C4 ON 

00 OO ON O O 

Hh «ct- xn vr> 

ON 

NO Cl OnNO CO 
MNMCOd- 
vn vn VO VO VO 

ONNO cci O 
d-NOvO t-t>- 
xn vn vn vr> vf> 

CO 0 J>» CO 0 

00 ON ON 0 M 
vn vn lufiNO NO 

i>.d-Mt'^d- 
Mdcocod- 
ND NO NO NO NO 


O W -cj-vo OO 

00 

0 M d-NO 00 

M 

00 

28 20 

2 

4 

6 

8 

0 d d-NO 00 

CO 

00 

d 

Q d d-NO 00 
d- 
00 

d 









CONVIRSION (»P DEQBBBS FifiRENHEIT WTO CfBORBHS -CfflfTIGnKADB 

AHD Dbgrbbs Absolute 


Glossary 


OS 

O ^3 n W 

S' §'2 

cO cO cO CO CO 

00 CO o\ o 

O M M d CO 

IH »-) M ^ M 

CO CO CO CO CO 

VO »H j>. d 00 

CO -rf- ■<;}" VO lO 

CO CO CO CO CO 

CO OV -rh o VO 

VO VO *^00 oo 

M M M M M 
CO CO CO CO CO 

M JN. CM o 

ov ov O < 

1-4 M d < 
CO CO CO c 

O 

o 

O VO w ^ « 

xTi xnvo VO ^ 

CO CO CO CO CO 

00 CO ov -ch o 

t^OO 00 OV O 
CO CO CO CO rh 

VO M d 00 

Q M M d d 

Th '<cf‘ ri* ■4;j* 

CO OV -rh O VO 

CO CO ■<?}- vn vn 
'cj* -cj- ■Tl '4^- 

l-t d ox 

vo vo JC^ Jt 

o 

■UTiVO J>.00 OV 
0^ 0^ Ov O' o^ 

0»-tdcOT!“ 

o o o o o 

M 1-4 M *-l M 

ij^vo j>.oo OV 
o o o o o 

1-4 t-t M tH H 

OmcIcO'cJ- 
l-l M M H M 

M M l-l M M 

sjnsO J>- o< 

M (-4 (—» ►- 

M 1-4 M 1- 

e3 

w !>. « 00 CO 

rh Th lun vovO 
Ov ^ Ov Ov 0\ 
M W W 

OV 'C*- o VO M 

VO t^oo oo Os 
Os Os Os Os Os 
Cl d d d d 

d oo CO OV 

OV O O M M 

ovo o o o 

d CO CO CO CO 

ThOVOHtv. 

dcocorl-Tj- 

O O O o O 

CO CO CO CO CO 

d 00 CO O 

sJ-i ilOVXD VC 

o o o o 

CO CO CO d” 

O 

o 

M ts, M OO CO 

w w « « CO 

Cl a « c<i c« 

OV tJ- o VO M 

CO -ci-u^ wvvo 

Cl d d d d 

d 00 CO OV 

vo i>.oo 00 
d d d d d 

■chOVOMJVs. 

OV O O M M 
d CO CO CO CO 

d oo CO O 

d d cO C4- 
CO CO cO cc 

Pq 

o 

OMdcOrJ- 
!>. i>. t>. !>. 

vOVO *^0O OV 
t>- !>. r>. 

O M d CO 

00 00 OO 00 00 

VVVO t^OO OV 
00 00 00 00 00 

g M d CO 
Ov ov Ov O' 

e8 

NQOcOOV'ch 

O O M 1-4 04 

00 OO 00 oo oo 

C4 Cl C4 d « 

O VO M d 

CO CO "ih 

00 00 00 oo 00 

d d d d d 

00 CO OV Tl- O 

■»OVO VO *>-00 

00 00 00 oo 0 ® 

d d d Cl d 

VO w Jt^ d 00 

00 Ov OV o o 

00 oo oo OV OV 
d d d d d 

CO OV -cf O 

M M d CO 

Ov Ov Ov CT* 
d d d d 

d 

o 

Cl oo CO ov 

t^t^oo oo ov 

O VO M d 

O O M i-t d 

M M M l-l 1-4 

00 CO OV -rh O 

d CO CO VO 

M H M l-H M 

VO M d 00 

snso VO 

H M M M 

CO Ov 'c*' O 

00 oo o^ O 

M M M d 


\nvO t>-oo Ov 

xj- ^ xj- 

O W d CO -ch 
VO xrv VO xn m 

xnso 4>.00 OV 
VO VO VO vn VO 

0 M d CO 

VO VO vO VO VO 

vnyD j>-oo 
VC vo vo vo 

CS 

CO 0> tJ* o VO 

VO VO f»00 00 

1 VO VO VO VO VO 

1 W Cl Cl d Cl 

d oo CO 

gv OV o O 

VO VO 

d d d d d 

OV tJ- o VO M 

JH d CO CO Th 
^ jr>. 

d d d d d 

^s. d 00 CO ov 

xt- u-j tnvo vo 

JC^ JpN. 

d d d d d 

■c*- O VO »-H 

j>.oo oo ov 

x>. i>. j>-, 

d d d d 

d 

o 

t>.wvO O -tj- 

1 VO VO 

1 M i [ 

Os cooo d i>. 

CO CO d d M 

1 1 1 1 1 

M VO O VO M 

M 0 O o M 

1 1 + 

d 00 CO ov 

W d d CO CO 

O vo t-*4 

vn vnvo 

Pq 

OMdCO-xJ- 

ci Cl d d Cl 

■vovo l>.0O OV 
d d d d d 

OHdCO'rf- 
CO CO CO CO CO 

mvo tN.oo ov 

CO CO CO CO CO 

O M d CO 
'cf- -ci- '4et- 




Index to Tables 357 

INDEX TO TABLES INCLUDED IN THE GLOS8AEY 


Abbreviations List of 

Adiabatic expansion Change in temperature 
of air on 

Aqueous Vapour — Mass of in satuiated air 
Pressure of do do 
Amount and Pressure of, at 
Kew 

Clouds Types of 

Correlation Coeffioients Selected examples 
Density 

Evaporation of Water 

Fog and Mist Average No of observations 
of Fog m British Isles 
Fiequenoy m English Ohan 
nel of 

Q-ales at some British anemometer stations 
Seasonal variation of 
Gradients Steep pressure 
Gusts Range of fluctuation of 
Strongest recorded 

Hurricanes, cyclones and typhoons recorded in 
various parts of the World 
Insolation Calculated Insolation reaching 
Earth 

Pressure IJnits Conversion table 
Ram Consecutive hours of ram in 1912 

Rainfall durmg the four seasons in S E 
England and N Scotland 
Day ramfall and night rainfall 
Relative Humidity Frequency of occurrence 
of various values of 

Sunshine Percentages of possible duration of 
Temperature Boiling points of water at 
various pressures in the atmo- 
sphere up to 8,000 feet 
Conversion table 
Normal weekly temperatures for 
SE England 

Some common temperatures 


See under — 

P 2 

Adiabatic 

Aqueous vapour 
Do 

V bsolute Humidity 

Clouds 
Coi relation 
Buoyancy 
Evaporation 
Fog 

Frequency 

Gale 

Ga]e 

Gradient 

Gusts 

Gusts 

Hurricane 

Insolation 

p 356 

Persistent ram 
Seasons 

Seasons 

Relative humidity 

Sunshine 

Hypsometei 
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Seasons 

Absolute tempeiature 
N 
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Thunderstorms, Immunity from 
upper atmosphere Normal pressure at var- 
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“ Meteorological Glosf^ary,” M 0. 225 n {Fourth Issue > 

CORRIGENDA. 

In the Fourth Issue the plates representing various forms 
of pressure distribution which in the previous issue were 
placed with the separate articles Anticyclone, Col, De- 
pression, Secondary Depression, V-Shaped Depression, 
Wedge m alphabetical order are now put together in the 
article Isobars, and should have been re-numbered m order 
to correspond with the text But the re-numbermg, and !li 
consequence the order, has failed The following corrections, 
should therefore be made in the numbering and order of the 
pUtes — 

Depression should be Plate XI instead of Xlll^^and 
page 174 

Secondary Depression should be Plate XII instead of XIY , 
and face page 175 

Anticyclone should be Plate XIII instead of XI , and faco 
page 176 

Col should be Plate XIV instead of XII , and face page 177 
The foot-note on page 177 should be omitted 
Page 75, line 1, “ Sir Gilbert Walker ” should read ‘ 
Gilbert Walker ” 

Pag^ 132, last line, “ 65 millibars ” should read “ 5 millibars.” 
Pa^e 256, line 24, “ John Hadley,” etc., should read ‘‘ George 
Hadley, who was a brother of John Hadley,” etc. 

Page 262, line 18, “ years ” should read year ” 

Page 271 In the column headed “Depression of Wet BullRf^ 
the temperature scale F should be indicated 
Page 295, line 1, W should read 
„ „ line 12, ptr should read <r 

„ „ line 26, should read Y' 

Page 308, line 27, “ Earth’s mass M' ” should read “ earth’a 
. mass plus that of atmosphere (M M') ” 

Page 330, line 28, should read “ 77 (288)^ x 10"“ ” 

dW 

Page 340, line 7, the equation should read 3G = — . 

(23632—12 ) Wt 7924-166, WO., 6/19 D & 8 Q. 3. 


